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PREFACE TO INDIAN EDITION 


Tu1s Arithmetic has been prepared so as to meet the 
requirements of those preparing for the Matriculation Exami- 
nations of the Indian Universities, and for the School-Final 
Examinations. 

It is based on the English edition of Messrs. Dexter and 
Garlick, and as few changes as possible have been made in 
their work, The chief changes are the addition of a chapter 
with special reference to Indian measures and of chapters on 
graphs, and the omission of certain chapters. The portions 
omitted have been left out as not being required by the 
Indian students for whose use the book has been prepared. 

Numerous examples involving Indian coinage, etc., have 
been inserted throughout the book. 
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ARTETH MET He 


CHAPTER I. ws 


NUMERATION, NOTATION, THE FOUR 
SIMPLE RULES. 


Arithmetic is both a science and an art. It is a science 
because it investigates the properties of numbers and establishes 
general principles based on those investigations. It is an art 
insomuch as it deals with various methods of using numbers. 
Viewed as a science, arithmetic is a branch of mathematics ; 
regarded as an art, arithmetic carries out for practical purposes 
certain rules respecting numbers, paying, however, little or no 
regard to the principles upon which those rules are based. 
Algebra differs from arithmetic inasmuch as it deals with symbols (which, 


however, often stand for numbers), whereas arithmetic operates on numbers 
themselves. 


The basis of all calculation in arithmetic is the unit : 1, one. 

A Unit is (a) a single thing, as one book ; or () a whole 
class of things, as one class. 

A Number is composed of one or more units, as— 


2 4%,5170 
A Digit is the name given to any one of the signs— 
I, 2, By 4, 5, 6, F 8, 9. 


1. Some authorities assert that 0 is not a digit, others include it 
among the digits, and call the nine digits given above significant 
digits. “ 

2. 0 is variously called nought, naught, cipher, or zero; it should 
never be called “ ought” or “ aught.” 

3. Ten is not a digit, 

4. The term figure is frequently used for the term digit. The 
latter is preferable. A triangle is a figure, but not a digit. Long 
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usage, however, sanctions the use of digit and figure as interchangeable 
in arithmetic. 


An Abstract Number is a number which does not 
indicate the nature of the unit. It is a number which stands 
alone, and merely denotes repetition of the unit, and nothing 
more. 7, 17, 170 are abstract numbers. 

A Concrete Number is a number which indicates the 
nature of the unit. It is used in conjunction with the name of 
some “ thing ;”’ as 7 horses, 17 dogs. 

1. It would be better to use the phrase concrete expression, or concrete term. 
Strictly speaking, a number can never be concrete. 

2. Note that a child has-— 

First, (a) concrete ideas; as brother, sister. 

Next, (6) composite ideas ; as 2 brothers, 3 sisters. 

And lastly, (c) abstract ideas ; as 2, 3. 


Hence in the teaching of arithmetic, “concrete arithmetic” should 
precede “ abstract arithmetic.” 


Notation is the art of expressing numbers by means of 
digits or figures. It concerns itself with the writing of figures. 

Numeration is the art of expressing in words numbers 
already expressed in figures. It concerns itself with the reading 
of figures. 


Connect numeration with enumerate ; notation with note-taking. 


The system of notation universally employed among civilized 
mankind is the Decimal System. 


i. The decimal system is based on human anatomy. Man learned to 
count by tens because his earliest efforts at enumeration were made by 
counting on his fingers (hence the term digit). 

2. There are traces of other systems: 

(a) The vigesimal, i.e. one with 20 as a “base,” due probably to the toes 
as well as the fingers being called into requisition. Cf. English, score ; Latin, 
duodeviginti ; French, quatre vingts. 

(5) The duodecimal, i.e. one with 12 as a “base.” Cf. English, dozen, 
Gross. 

The number of units in any order or denomination which is taken to 
form a unit of the next higher order is called the “ base’ of the system. 


The root-words which we have to express numbers are very 
few. 


1. Those expressing numbers of the first order: one, two, three, 
four, five, six, seven, eight, nine. 

2. Those expressing numbers of higher order: ten, hundred, 
thousand, million. 

All others are derivative. 


The question now arises, How is it that with so few root- 
words we can express numbers up to any amount ? 
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Subtraction is the operation of finding what number is 
left when a smaller number is taken away from a greater of 
the same kind. 


Terms and Signs employed.—The greater number is called the 
minuend, the smaller the subtrahend. The excess of the minuend 
over the subtrahend is called the difference, or remainder. 

The sign of the operation is ~, called the minus sign, so that 9 — 7 
means 9 less (or diminished by) 7. 


The sign —- denotes that the smaller of the quantities is to be taken 
from the larger, as a -—- 6, when the relative values of a and 6 are not 
known. 

There are three recognized methods of working a sub- 
traction sum. 


1. The Method of Decomposition. 
Example.—757 — 289. 


6) ETT 9 cannot be taken from 7. Decompose 57 into 4 
Wise tens and 17 units. 9 units from 17 units leave 8 units. 
ONS: aoe 8 tens cannot be taken from 4 tens. Decompose 


7 hundreds and 4 tens into 6 hundreds and 14 tens. 
8 tens from 14 tens leave 6 tens. 2 hundreds from 
CD sao 6 hundreds leave 4 hundreds. 


Or we may write thus— 


757 = 700 + 5047 = 
289 = 200 + 80+ 9 = 


468 = 400+ 60+ 8 
Note that the minuend only is decomposed. 


2. The Method of Equal Additions depends on the following truth : 
The difference between two unequal quantities is unaltered if equal 
quantities are added to each. 


Example.—757 — 289. 


tO oe 9 cannot be taken from 7. Add 10 as ten units to the 

2 8 9 7 in the minuend, and 10 as 1 ten to the 8 tens in the 

subtrahend. 9 units from 17 units leave 8 units. 9 tens 

cannot be taken from 5 tens. Add 100 as 10 tens to the 

4 Ge 8 minuend and as 1 hundred to the subtrahend. 9 tens 
from 15 tens leave 6 tens. 3 hundreds from 7 hundreds 
leave 4 hundreds. 


600 + 140 + 17 
200+ 80+ 9 


Or we may represent the method thus— 


757 = 700 + 50 +7 = 700 + 150 + 17 (110 added) 
289 = 200 + 80 + 9 = 300+ 90+ 9 (110 added) 


oe —-- 


468 = 400+ 60+ 8 
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The process of ‘‘ borrowing and paying back ” is a perverted form of the 
method of equal additions. The ten “‘ borrowed”’ from the tens’ column 
is really ten added to the minuend, and the one “ paid back” to the tens’ 
column in the subtrahend is really one ten added to the subtrahend. 


3. The Method of Complementary Additions —‘ The difference 
between a number and a unit of the next higher order of that number 
is called the complement of that number.” 


Thus 3 is the complement of 7, 28 is the complement of 72, etc. 


The essential difference between ‘“ Ordinary ” subtraction and the 
method of complementary additions may be illustrated by the following: 
Suppose we have to take 3 from 7. Working by ordinary subtraction, 
we say, 3 from 7 leaves 4. Working by complementary additions we 
say, “What number added to 38 will give 7?” The answer is 
manifestly 4. 


Suppose that I go into a shop, purchase an article worth 9d., and 
present a shilling. If the shopman in giving the change counts thus: 
“ten pence, eleven pence, one shilling,” he is performing his subtraction 
by the method of complementary additions. 


In working subtraction by the method of complementary additions, 
the minuend is regarded as the result, and the object is to tind a com- 
plementary number which, when added to the subtrahend, will exactly 
equal the minuend. 


Example.—874 — 689. 


874 9 is greater than 4. The unit of the next higher order is 

689 one ten or 10 units; adding this to the 4, we get 14. 9 and 

5 (the complement) make 14. The 1 (representing one ten) 

from the 14 is “carried ” forward to the tens’ column, just 
185 as in addition. 

8 andl are9. 9 tens are greater than 7 tens. The unit 
of the next higher order is one hundred or 10 tens. Adding these 10 tens to 
7 tens, we get 17 tens. 9 tens and 8 tens (the complement) make 17 tens. 
The 1 (representing one hundred) is “carried” forward to the hundreds’ 
column, just as in addition. 6 hundreds and 1 hundred are 7 hundreds. 
7 hundreds and one hundred (the complement) make 8 hundreds. 

This method is particularly useful in working long division by the 
Italian method. 


Multiplication is the process of finding the sum of a given 
number of repetitions of the same number. 


The sign of multiplication is given thus: x 

The multiplier is the number which expresses how often the 
repetition is to take place. 

The multiplicand is the number to be repeated or multiplied. 

The product is the result (or sum) of the repetitions. Thus, in the 
statement 27 x 7 = 189, 27 is the multiplicand, 7 the multiplier, and 
189 the product, 

Continued Product—If the product of two numbers is multiplied 
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by a third number, the result is the continued product of the three 


numbers. 


“Carrying” in multiplication, like carrying in addition, resolves 
itself into a case of resolution of numbers, 


Example.—35 x 4. 


Ct 4 times 5 units are 20 units. Some say, “Put down 

3°75 the 0 and ‘carry’ the 2.’’ A more correct explanation is, 

4 Resolve 20 units into 2 tens and 0 units. Put the 0 in its 

proper place, viz. the units’ column, and place the 2 in its 

ree proper place, viz. the tens’ column, ready for the next 
14 0 operation. 


4 times 3 tens are 12 tens, which, with the 2 tens obtained 
above, make 14 tens, which are resolved into 1 hundred and 4 tens. 


The omission of the ciphers at the right of the partial products in 


Multiplication. 
Example. 
(1) 2736 x 678 
2B POG 
GlRRS 
2188 8 = 8 times 2736 
1.9.1.5 20) Sis i 
1641 6[0][0] = 600 ,, af 


—s 


1.8.55.0 0-5 = 673 ” ” 


Rule.—Place the multiplier under 
the multiplicand so that the units- 
digit of the one is under the units- 
digit of the other, the tens-digit 
under the tens-digit, and so on. 
Multiply with the units-digit, then 
with the tens-digit, and so on. The 
noughts enclosed in brackets are 
always omitted, because they make 
no difference to the value of the 
product. Care must, however, be 
taken that the first right-hand digit 
of each partial product is placed in 
its proper position, viz. under the 
digit of the multiplier by which it 
is obtained. The reason for this is 
obvious. In the above example the 
2 in the second line is placed under 
the 7 because the 7 is 7 tens, and 
6 times 7 tens produces 42 tens, 
resolvable into 4 hundreds and 2 
tens, the 2 tens being placed in 
their appropriate place, the tens’ 
column. 


or— 
2736 
678 


1641600 = 600 times 2736 
1915290= 70, ,, 
91906 See! &., 


1855008 = 678 99 93 


Rule.—Place the multiplier under 
the multiplicand so that the units- 
digit of the one is under the units- 
digit of the other, the tens-digit 
under the tens-digit, and soon. In 
multiplying begin with the digit in 
the highest place, and write the 
right-hand figure in each partial 
product underneath that figure of 
the inultiplier which is used to 
obtain tho partial product. Thus, 
in tho examplo above, in the second 
row tho right-hand figure 2 is under- 
noath 7. The explanations given 
for the omission of the noughts 
in the left-hand example, apply 
equally to this. 


The left-hand method is the method that was usually adopted, but 
inasmuch as the right-hand method will need to be adopted when the 
student comes to c. ix., it seems better to discard it altogether and use 
only the right-hand method. 
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Division may be defined as the process— 

1. Of finding how many times one quantity is contained in 
another ; or 

2. Of finding one of the factors of a given product when 
the other factor is given ; or 

3. Of separating a given number into a certain number of 


equal parts. 


Signs. —or+; as $= 3, 0r6+2=38, 
Terms. Taking definition (2) given above— 
(a) The given factor is termed the divisor. 
(>) The required factor is termed the quotient. 
(c) The product is termed the dividend. 
The difference between the dividend and the nearest product of the 
divisor less than the dividend is called the remainder. 


The divisor is that which divides. 

The dividend is that which must be divided. 

The quotient signifies how many times the divisor is contained in the 
dividend. 


Examine the following cases :— 
abstract number 


20 — . ee 
(a) eo 45-08 abstract number = 2bstract number. 
20 feet concrete quantity 
(d) 5 = 4 feet, or abstract aes = concrete quantity. 
20 feet _ concrete quantity 
(c) OVS eee MeO. concrete quantity = abstract number. 


4 20 . 1 abstract number ; 
(2) = Feet Sives no result, or concrete quantity Gives no result. 
From these examples we learn that the divisor may be— 
- An abstract number, in which case the quotient is the same name 
as the dividend; eg. (a) and (d) above. 
2. A concrete quantity of the same kind as the dividend, in which 
case the quotient is abstract e.g. (¢) above, 
There are really two kinds of division— a 
_ 1. Quotition, or arithmetical division, in which both divisor and 
dividend are of the same name; e.g. (a) and (c) above, 
2. Partition, or physical division, in which the dividend is concrete 
the divisor abstract, and the quotient concrete: e.g, (b) above. 
Yn the definitions of division given above: (1) and (2) are definitions 
of quotition, (8) is a definition of partition. 


Explanation of the ordinary method of working Division. 
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Example.—87564 + 23 


23 ) 87564 ( 3000 
69000 800 
- 7 
18564 
18400 23 into 87000 “‘ goes ’’ 3000 times. 
REREAD Multiply by 3000 and subtract. 
164 23 into 18500 “‘ goes’? 800 times; and so on 
for the rest of the sum. 
161 
3 Answer.—8807 and 3 remainder; or 3807.3. 


Never write: Answer 8807 + 3, for 3807 + 3 = 3810. 
[The Italian or contracted method of working Division.*] 
Example.—87564 + 23. 


23 ) 87564 ( 3807 Explanation.— 
BS 8 3 times 3 = 93 9+ 8 (put down) = 17. Carry 1. 
185 3 times 2 = 6; 6+ 1 (carried) = 7. 
7+1 (put down) =8. Bring 
ae down 5. 
164 8 X 3 = 243 24-41 (put down) = 25. Carry 2. 
Poade 8xX2=16; 16-+ 2 (carried) = 18. Bring 


3 down 6; and so on till end of sum. 
The “Slip” method given on the next page is quite as short as 
the Italian method, and not liable to its defects. 


(a) Write out a table of the multiples of the divisor on a long narrow 
strip of paper. Taking 23 (as above) as the divisor, we get— 


| 1-23 | 2:46 | 369 | 4-99 7-161 


5115 | 6138 


8-184 | 9-207 | 


(b) Place the slip at the right point under the dividend and subtract. 
There is no need to write the partial products, and, as in the Italian method, 
the results of subtraction only are shown. 

Division by Factors.—The number 216 = 4 x 6 x 9 and the 
numbers 4, 6, 9 are called the factors of the product 216. Instead of 
dividing by 216 by Long Division it is often advisable to use these 
factors and divide by successive applications of Short Division. 

Example.— Divide 57085 by 216, using factors, and explain clearly 
how you obtain the remainder. (0.W.) 

4 | 57085 units 
6 | 14271 groups of 4 and 1 unit remainder 
9 | 2878 groups of 24 and 3 groups of 4 remainder 
264 groups of 216 and 2 groups of 24 remainder 
Remainder = 2 groups of 24 + 3 groups of 4 + 1 unit 
(2x24) + (8x4) +1 unit 

48 Gy 12 ree! 

= 61 units 
Answer.— Quotient = 264; remainder = 61. 
* In working division the contracted method should always be followed. 
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We may now rearrange the above, thus: 


4 | 57085 
6: oe i ae 7 
9 | 2378 BS 12 


2Otgeee 48 


61 remainder 


From the above and similar examples, the following rule 
may be deduced :— 

Multiply each remainder by the product of all the preceding 
divisors except its own. Add these products and the first 
remainder together. The sum will be the true remainder. 


Multiplication and Division by special methods. 


[Nore.—These special methods are of considerable use in saving time 
and labour in working. ] 


Lo multiply by 5. Add 0 and divide by 2. 

To multiply by 25. Add two 0’s and divide by 4. 

To multiply by 125. Add three 0’s and divide by 8. 

The reasons for these processes are based on the facts that 10 is twice 5: 
100 is four times 25; 1000, eight times 125. 

To divide by 5, 25, 125. Multiply by 2, 4, 8, and divide the product by 
10, 100, 1000 respectively. 

To multiply by 9, 99, 999, ete. Annex to the multiplicand as many 
ciphers as there are 9’s, and from the result subtract the multiplicand. 

By adding one, two, three . . . 0’s to the multiplicand, we multiply by 
10, 100, 1000, . . . By subtracting the multiplicand, we have 9 (10 — 1), or 
29 (100 — 1), or 999 (1000 — 1) . . . times the multiplicand. 

To divide by 9, 99, 999, ete. J 

(2) Cut off by a vertical line as many digits from the right hand of the 
dividend as there are 9’s in the divisor. 

(6) Take the digits to the left of the “ cutting-off ’’ line, and cut off as 
before as many digits as there aro 9’s in the divisor. 

(c) Proceed so long as the number of digits in the dividend admits. 

(d) Add the several lines together. The sum of the digits to the left of 
the “ cutting-off ” line represents the quotient ; the sum of the digits to the 
right, the remainder. 

(e) If in the addition a digit is carried from the remainder to the 
quotient, that digit must be added to the remainder. (The digit carried 
represents 10, or a certain number of 10’s; these will contain 9, or a certain 
number of 9’s, with one or more remaining.) 

Laample.—Divide 123456789 by 999. 


123456 | 789 
123 | 456 
Ses 
123580 | 368 
One was carried from remainder to quotient? hence answer is 123580 and 
369 remainder. 
Multiplication may sometimes be contracted by separating the multiplier 


into numbers, each of which is produced by multiplication from the lowest 
number. 


Lxample.—Multiply 45989 by 864729 in three lines. (C.PR.) 
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We notice that the multiplier = 9 + 720 + 864000 = 9 + (9 X 80) + (1200 


Xx 720). ; 
Consequently we may arrange in three lines, thus — 
45989 
9 
413901 = 9 times 45989 
33112080 = 80times 413901, and .. 720 ,, 45989 
39734496000 = 1200 _,, 33112080, and .. 864000 ,, 45989 
39768021981 = 864729 ,, 45989 


For division by factors the student is referred to Chapter ITT. 


To find the difference of two squares. 
Example.—Solve (3794)? — (3754)?. 
Let 3794 = a, and 3754 = 0; 
Then (3794)? — (3754)? = a? — 0? = (a + b)(a — 6) 
Substituting, we have— 
(3794 + 3754) (3794 — 3754) = (7548) (40) = 301920. Ans. 


From this we learn that the difference between the squares of two 
numbers is equal to the product of the sum and difference of those numbers. 


Tests of accuracy. 
The only methods requiring explanation are those of “ cast- 
ing out the 9’s ” and “ casting out the 11’s.” 


Casting out the Nines. 
The process of “casting out the 9's” from a number is as 
follows :— 


(a) Cross out all the 9’s. 

(>) Proceed to add up the remaining digits. 

(c) Whenever the sum of two or more digits exceeds 9, subtract 9, 
and add the excess to the next digit. 
(2) Proceed in this way till a single digit, called the remainder, is 
eft. 


Ezxample.—Cast out the 9’s from the multiplicand given above. 
45989 (a) Cross out the 9’s. 
(5) 4and 5 are 9. Cast out the 9. 
(c) The remaining digit (8) is the remainder. 


Application of the process to the proof of — 

1. Addition. 

(a) Cast out the 9’s from all the addends. 

(6) Cast out the 9’s from the sum. 

(c) If the remainder obtained from (a) is equal to that obtained 
from (6), the answer is probably correct. 

; Example.—Prove the accuracy of the addition in the multiplication sum given 

aoove, 

(a) Casting out the 9’s from the three addends, we obtain a remainder of 0, 


(6) Casting out the 9’s from the sum, we also obtain a remainder of 0. 
(c) 0 = 0, .". the addition is probably correct. 
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2. Multiplication. 

(a) Cast out the 9’s from the multiplicand, the multiplier, and 
the product. Three remainders will thus be obtained. 

(6) Multiply the first two remainders. 

(c) If necessary, cast out the 9's again and obtain another (a 
Jourth) remainder. 

_(d) If this fourth remainder (or the product of the two remainders 

in (0)) is equal to the third remainder, the answer is probably correct. 


Lrample.—Prove the accuracy of the multiplication on p. 11 by casting 
out the 9’s, 

(2) Remainders from multiplicand, multiplier, and product are respec- 
tively 8, 0, and 0. 

(0) Multiply the first two remainders: 8x 0=0 

(c) It is unnecessary to again cast out the 9’s. 

(¢) The product of the two remainders (0) is equal to the third remainder 
(0). Hence the answer is probably correct. 

The student will notice that the phrase, ‘‘ the answer is probably correct,” 
has appeared at the end of each demonstration in the last two examples. 

Casting out the 9’s will not detect an error— 

(1) If the error happens to be a multiple of 9; e.g. if in a multiplication 
one of the partial products is put in the wrong place, for then the error ia 
a multiple of 9. 

(2) If the right digits have been used, but have been put in the wrong 
place ; e.g. if 72 has been written for 27. 


Casting out the Elevens.—The process is as follows :— 


(a) Commence at the units’ digit, and add together the alternate 
digits until the extreme left-hand digit is reached. 

(6) Return from left to right, add together the alternate digits, and 
subtract their sum from that obtained in (a). 

(c) If the difference is less than 11, it is the difference required. 
If the difference is greater than 11, subtract 11’s until a remainder 
less than 11 is reached. This remainder will be the one required. 


The application of this method to addition and multiplication is exactly 
the same as that employed in casting out the 9’s. 

“Casting out the 11's”? wil] not detect a mistake if the error amounts to 
11 or a multiple of 11, e.g. if one of the partial products has been displaced 
two places ; for then the error is a multiple of 11. 


For further explanation of these two methods, see the chapter on 
Factors. 


NUMERATION, NOTATION, THE FOUR SIMPLE RULES. 
(THEORY.) 


1, Explain the ordinary system of notation, (C.PR.) 


2. Define numeration. Distinguish between the intrinsic and local 
value of numbers. (c.w.) 


3. Explain local value by the number 333, showing that the figure 
3 has a different value according to its position, (c.P.) 
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4. What is notation ? Explain what is meant by saying that “we 
employ a decimal system of notation.” What other systems have been 
used? Compare the value of each of the three eights in the product of 
nine thousand and nine by nine thousand and ninety. (c.w.) . 


5. Distinguish between abstract and concrete numbers. (P.7.) (K.s.) 
- What is the use of a cipher in the notation of numbers? (¢.w.) 
. Write down the least possible number consisting of three digits. 
. What does the figure 6 represent? (c.w.) 

- What is meant by a number of the “ second order ’’ ? 


10. What is meant by a Jigure? what by a number? Can the same 
number be represented by different figures? If so, give examples. (S.A.) 


11. What is meant by an odd number and an even number ? Show 
that it is only necessary to look at the digit in the units’ place to ascer- 
tain if a number is odd or even. Several numbers have to be added 
together. What is the condition that their sum should be odd? (R.M.a.) 


12. In what different ways can a child add 8 to 72? Which apply 
to adding 8 to 27? (c.m.) 

13. Explain why the words « borrowing” and “ carrying” are often 
misused in subtraction, and show, by the help of an illustration, what 
is the best way of making the meaning of that rule intelligible. (K.s.) 


14. Define subtraction, and explain the process, taking for your 
example six millions four hundred and twelve, less by seventy thousand 
eight hundred and twenty-seven. (c.w.) 


15. Describe two ways of making a sum in simple subtraction, and 
explain each method fully. (P:2;) 

16. In subtraction how do you evade the difficulty of taking a 
greater digit from a less? Show how subtraction may be performed 
without “carrying.” (r.1.) . 

17. Prove that 4 times 5 equals 5 times 4. (c.w.) 

18. How would you show that 5 x 11=11x%5 = 55? (o.w.) 

19. How is it proved that 7 times 7 are 49, 7 times 8 are 56, 8 times 
8 are 64? How do these results help us to obtain 78 times 87? State 
also what else we need to know in order to obtain this product. (s.a.) 

20. Show that the continued product of any number of integers is 
independent of the order in which they are multiplied. (C.H.L.) 

21. Prove that the product of any two numbers is the same as the 
sum of the products of the multiplicand and any two numbers which 
together make up the multiplier. (C.w.) 

22. Explain as you would to a blind child, who knew the multi- 
plication table, but nothing of figures, how to reckon 7 times 34, (C.M.) 

23. Distinguish between the two meanings (measuring and sharing) 
of the word “ division.” (c.w.) 

24, Give every meaning of multiply with which you are acquainted, 
with an example of each. (S.A.) 

25. Explain the statement that short division is a contracted form 
of long division, (K.S.) 
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26. In division, if the quotient be added to the dividend for a new 
dividend, and the divisor be increased by 1, show from first principles 
that the quotient and remainder will be the same as before. Thence 
obtain the quotient and remainder when 678912 is divided by 601 from 
the quotient and remainder when the same dividend is divided es ve 

C.W. 


27. Explain the process called long division, taking as an example 
102741 divided by 29. (c.w.) 


28. Hixplain why a whole number is multiplied by 100 when you 
place two ciphers to the right of the figures which express it. State 
and prove the truth of the corresponding rule for dividing by 100. (P.u.4.) 


29. Explain and correct the error in the statement « 66-+-9=7+4+3.” 
(C.w.) 


30. In what two senses do we use the word “ divide’ when we say 
‘divide £100 by 4,” and “ divide £100 by £4”2 (p.) 


31. Divide 9178 by 39, and show, in the course of the working, as 
to a class of young children, how to find (a2) The remainder after 39 has 
been subtracted from the dividend 200 times; (6) how many times 39 
has been subtracted when the remaindor is 203 ; (c) the product of 235 
and 39. (x.s.) ; 


32. (a) Multiply 368 by 40038 (not vice versa); (b) in working the 
above sum, what ciphers do you omit without much risk of error if you 
begin by multiplying by the units figure? (c) in the least laborious 
way you can, divide (1) the actually largest partial product by the 
actually smallest, and (2) the complete product by 20019. (K,S.) 


33. If to any whole number another number 1000 times its value be 
added, show that the result is always divisible by 148. 


34. Write down the nine numbers which immediately precede 81 
and the nine which immediately follow, and show that their sum is 
exactly divisible by 9. Would the sum still be divisible by 9, if instead 
of a group of nine numbers on either side of 81, a group of five, six, or 
any other amount were chosen? Give your reasons. (R.M.A.) 


35. If from any number, é.g. 750860, any other number with the 
same digits in different order, e.g. 506870, be subtracted, the remainder 
will be exactly divisible by 9. Explain this. (c.m.) 


36. Explain how the accuracy of arithmetical operations may be 
tested by the method of “casting out 9’s.”. On what property of 
numbers does this method depend? Prove that if any number is 
divisible by 99, the number formed by the same figures in the reverse 
order is also divisible by.90... (c:8.) 


37. Give instances of names of numbers in English not in accord- 
ance with the decimal system. 


38. Is it possible for two numbers to have 100 for their sum and 
3000 for their product ? (L.M.) 


89. An addition sum is incorrectly performed, but the tests by 
casting out 9’s and 11’s both fail to detect the error. Show that the 
difference between the answer obtained and the correct answer must 
be a common multiple of 9 and 11. (C.8.) 
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EXERCISE I. 
THE Four Smmete Ruczs. 


1. Find the difference between five millions and twenty-two and 
three hundred and ninety-seven thousand and forty-nine. Express the 
result in words. (c.PR.) 

2. Write down in figures ten millions and two and forty thousand 
and three. Express their difference in words. (C.PR.) 

3. Taking the population of the German Empire at 45234061, if 
28318592 are registered as of the Established Church, 124567 as 
members of other Protestant denominations, 561612 as J ews, and the 
remainder as Roman Catholics, how many Roman Catholics are there ? 

(C.P.) 

4. Add together two hundred and eight millions sixteen thousand 
and seventy, and forty millions nine hundred and five thousand four 
hundred, and divide the result by five hundred and eight thousand and 
three. (C.PR.) 

5. Find the sum of all the numbers between 300 and 500 which are 
divisible by 23. (x.s.) 

6. Multiply one million one thousand and one by one hundred 
thousand one hundred, and express the result in words. (R.M.A.) 

7. Find the product of the sum and difference of two hundred and 
thirty-eight thousand four hundred and twenty-eight, and one hundred 
and five thousand and sixty-nine. (c.s.1.) 

8. If 109 be multiplied by a certain number it is increased by 2071. 
Find the multiplier. (c.s.) 

9. Multiply nine million nine thousand and nine by eleven, and 
write down in words the difference between the product and one 
hundred millions. (c.P.) 

10. Find the continued product of 16, 64, 125, and 625. (c.H.1.) 


11. Multiply 74908 by 96164, the multiplication to be done in three 
lines. (C.M.) 


12. Multiply 477120 by 525, the multiplication to be done in two 
lines. 


13. Multiply 771214 by 216636, using only three partial products. 


14. Multiply 298765 by 336567, the multiplication to be done in 
three lines. (c.w.) 


15. Multiply 43002073252 by 133112111 in three lines, (C.PR.) 
16. Multiply 78927 by 72864 in three lines, 


17. Find a number such that, if it be added 27 times to 47577, the 
sum will be 50520, (c.P.) 


18. (3794)? — (8744)2. (o.w.) 
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19. (164869)? — (164119)?.  (c.w.) 


20. In a sum in division the divisor is twenty times the quotient 
and five times the remainder. What is the dividend, if the remainder 
be 76? (c.8.) 


21. Divide the difference of the squares of 9409 and 10609 by the 
sum of the squares of 97 and 103, (c.PR.) 


22. If a number when divided by 323 leave a remainder 125, what 
will the remainder be when the same number is divided by 19? (x.s.) 


23. What number must be added to 123456789 to give a sum 
exactly divisible by 567? (c.P.) 


24. In a division sum the divisor is 406, and the quotient is 717, the 
remainder being 345. What is the dividend? (c.p.) 


25. The quotient arising from the division of 2338425 by a certain 
number is 346, and the remainder is 157. Find the divisor. (P.P.) 


26. In a division sum the dividend was 184135, and the quotient 
253. Show that the divisor must have been one or other of two 
numbers, and find these numbers and the corresponding remainders. 

(C.H.L.) 


27. If from two hundred and seventy-nine thousand nine hundred 
and three we deduct thirty-nine, the remainder is exactly divisible by 
eight times that number, what is the quotient ? (C.H.L.) 


28. By what number must 695 be multiplied so that, when the 
product is subtracted from one million, the result is 507245 ? (C.P.) 


29. In a long-division sum the first subtrahend is 3900 (written, 
as usual, 390), and the second is 260; and the remainder after this 
second subtraction is 11. Show that the divisor must be one of two 
numbers, and that there can be one dividend only. What is the 
dividend? (c.m.) 

30. In a long-division sum the dividend is 529565, and the succes- 
sive remainders from the first to the last are 246, 222, 542, Find the 
divisor and quotient, (c.s.) 

31. Divide four million seven hundred and twenty-two thousand 


three hundred and ninety-seven by one hundred and eight, employing 
the method of short division. Hixpress the result in words. (c.PR.) 


32. A certain number is divided by 165 by short division. The 
quotient is 262, the first remainder is 2, the second is 4, and the third 
is 8. Find the number. (C.m.) 


33. Divide 285651 by 77, using only short division. Obtain the 
remainder correctly, and explain briefly how you obtain it. (s.x.) 


34. Divide 47863 by 72 by short division, and explain the process of 
obtaining the remainder. A certain number when divided by 8 has a 
remainder 5, and the quotient divided by 9 has a remainder 7: what 
will be the respective remainders when the order of division is 
reversed? (C.H.L.) 


35. Divide 8790603808 by 878, making use of the factors 6, 7, and 9, 
and show clearly how you get the remainder. (C.P.) 
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36. Complete division given below by filling in numbers omitted in 
first and second lines :— 
5 | 
9 | remainder 2 


37. By what number less than 1000 must 463759 have been multi. 
plied if the last three figures on the right of the product. are 757, and 


remainder is 567? (c.p.) 


38. A boy multiplied a number by 467 and obtained the product 
1925817. He was told that the figures 9 and 7 were wrong, and the 
other figures right. What was the correct product? (c.p.) 

39. A boy had to divide 76428 by 123. He copied a figure wrong in 
the divisor, and obtained as his quotient 611 with remainder 53. 
What mistake did he make ? (Pot) 


40. Multiply 38761492 by 59997. Two numbers when divided by a 


CHAPTER II. 
THE COMPOUND RULES. 


THE following tables are givon for reference :— 


Money. 
4. farthings = 1 penny (@.) 
12 pence = ] shilling (s.) 


20 shillings = 1 pound (£) 


WEIGHTS AND MEASURES. 
Avoirdupois Weight 


(for all common goods). — 


16 drams = 1 ounce (0z.) 
16 ounces = 1 pound (lb.) 
28 pounds = 1 quarter 
4 quarters (112 lbs.) = 1 hundredweight (cwt.) 
20 hundredweight = 1 ton 


14 lbs. = 1 stone 


Troy Weight 
(for gold, silver, yewellery). 
24 grains =.1 pennyweight (dwt.) 


20 pennyweights = 1 ounce 
12 ounces = 1 pound 


1 lb. Troy weighs 5760 grs. 
1 lb. avoirdupois contains 7000 grs. Troy. 
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Apothecaries’ Weight. 
(May be used for drugs sold by retail.) 


4374 grains troy = 1 ounce 
16 ounces = 1 pound 
Also, but not recognized by the British Pharmacopeia— 
20 grains = 1 scruple 
3 scruples = 1 dram 
8drams = 1 ounce 


Lineal Measure. 


19 


12 inches = 1 foot 

3 feet = yard 

220 yards (40 poles) = 1 furlong 

8 furlongs (1760 yards) = 1 mile 

3 miles = 1 league 

4 inches = 1 hand 

6 feet = 1 fathom 

54 yards = 1 pole, rod, or perch. 
22 yards (4 poles) = 1 chain 


“Gunter’s Measure.” 


100 links = 1 chain 
10 chains = | furlong 


Square Measure. 
144 square inches = 1 square foot 


9 square feet = 1 square yard 
304 square yards = 1 square pole 
40 poles = 1 rood 

4. roods = 1 acre 

640 acres = 1 square mile 


10000 square links 


1 square chain 
10 square chains 


1 acre 


l 


Solidity (Measure of Capacity). 


1728 cubic inches 
27 cubic feet 


1 cubic foot 
1 cubic yard 


ll fi 
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Measure of Capacity. 


4 gills = 1 pint 
2 pints = 1 quart 
4 quarts = 1 gallon 
2 gallons = 1 peck 
4 pecks = 1 bushel 
8 bushels = 1 quarter 
5 quarters = 1 load 
1 gallon = 6 reputed quarts 
36 gallons = 1 barrel 
54 gallons = 1 hogshead (beer) 
63 gallons = 1 hogshead (wine) 
Time 
60 seconds = 1 minute 
60 minutes = 1 hour 
24 hours = 1 day 
7 days = 1 week 
4. weeks = 1 lunar month 
365 days (52 weeks) = 1 year 


Roughly speaking, 365} days =1 year. These numbers 
connecting days, weeks, and years are, however, not accurate. 


Angular. 


60 seconds (") = 1 minute (’) 
60 minutes (') = 1 degree (°) 
90 degrees (°) = 1 right angle 
Some important points in these tables should be noted, viz.— 

£1 = 240 pence = 960 farthings. 

1 mile = 1760 yards = 5280 feet. 

640-acres = 1 square mile. 

10 square chains = 1 acre, 

220 yards = 1 furlong. 

1 ton = 2240 pounds. 

1 pound avoirdupois = 7000 grains. 

1 pound Troy = 5760 grains. 

1 ounce avoirdupois = 437% grains. 

1 ounce Troy = 480 grains. 

1 gallon of water weighs 10 pounds. 


1 cubic foot of water weighs 624 pounds, or approximately 
1000 ounces. h 
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1 cubic foot measures 61 gallons. 
“A pint of pure water weighs a pound and a quarter.” 


Note carefully— 

1. Dram in avoirdupois weight is not the same as dram or drachm 
in apothecaries’ weight, 

2. Ounce in avoirdupois weight is not the same as ounce in Troy 
weight. ‘ 


3. Pound e a6 Ss nz » pound Troy. 
But that— 
4. Grain apothecaries’ is the same as grain Troy. 


Ounce e 2 i ounce avoirdupois. 
6. (a) A quart =2 pints. 

(>) A quarter = 8 bushels, 

(c) A quarter = 28 lbs, 


The Standard Units employed in the various 
tables are— 


Money. The sovereign (or pound sterling). 
Weight. The pound. 

. Length. The yard. 

. Surface. The square yard. 

Solidity. The cubic yard. 

Capacity. The gallon. 

Time. The day. 


The standard pound (avoirdupois) is the weight of a piece of 
platinum deposited with the Board of '[rade, . 

The standard yard is the distance (at 62° Fahr.) between two 
marks on a bronze bar deposited with the Board of Trade. 


The standard gallon is the volume occupied by 10 lbs. of pure 
Water at 62° Fahr. and 80 inches barometric pressure. 


TTS? Ot YR go BO ps 


Notes.—(1) The occurrence of the word pound in its application to both 
money and weight points to the primitive system of weighing and 
not coining money. A pound sterling was originally the value of 
a bar of silver weighing one pound Troy, which was divided into 
240 equal parts, each termed a pennyweight. 

(2) The symbols £ s. d. are abbreviations of the names of three Roman 
coins—libra, solidus, denarius. 

(3) Avoirdupois = Old French avoirs de pots = things that sell by weight 
and not by measurement. 

(4) Troy = Troyes, a town south-east of Paris, where this weight was first 


used. 

(5) Long measure, like the decimal system, is based on human anatomy. 
The foot is derived from the length of a man’s foot? the yard is the 
length of the entire arm ; the mile (Lat. mille, a thousand) is the 
length of a thousand paces. 

(6) The word inch is derived from Latin uncia, a twelfth part. 

(7) The word ounce is also derived from uncia, because the pound was 
originally divided into 12 ounces. 
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(8) A pound of feathers is heavier than a pound of gold, because the 
former contains 7000 grains, and the latter 5760 grains. An ounce 
of feathers is lighter than an ounce of gold, because the former 
contains 729° grains, and the latter *$° grains. 


THEORY. 


ie Compare the pound avoirdupois with the pound Troy, and the 
ounce avoirdupois with the ownce Troy. 


2. “Tong measure, like the decimal system, is based on human 
anatomy.” Hxplain this. 


3. What inference do you derive from the occurrence of the term 
“pound ’”’ both in Troy weight and the money table? 


4. What are the standard units of weight, length, and capacity ? 
Trace as far as you can some connection between them. 


5. How would you demonstrate the connection between long and 
square measure? (C.W.) 


6. Explain why it is that, although you can divide one sum of 
money by another, you cannot multiply one sum of money by another. 
(C.w.) 
7. Comment very briefly on the answers to the following question: 
“‘ Divide half a pound by half a pound.” (1) ‘‘It-cannot be done; ” 
(2) ‘“‘a quarter of a pound;” (8) “a pound;’’ (4) ‘fone whole 
number;” (5) ‘fone.’ (c.w.) 


8. Assuming that there are 3 lineal feet in a yard, show by means 
of diagrams that there must be 9 square feet in a square yard, and 
27 cubic feet in a cubic yard. (P.H.A.) 


9. A linear mile containing 1760 yards, prove that there are 
640 acres of land in a square mile. (C.P.) 


EXERCISE II. 
ComPpouND RULES. 


Money. 


1. Multiply £8241 9s. 114d. by 945, and divide the result by 319. 
; (C.H.1.) 


2. Multiply £871 19s. 9d. by 420, and divide £1058 15s. 9d. by 142. 
Also ascertain how often £18 12s. is contained in £1864 18s.. (o.R.) 


3. Divide three hundred and twenty-seven millions three hundred 
and five thousand and four pounds among 315 persons in equal shares. 


How many poor persons, in addition, may receive one pound ten 
shillings each from the remainder? (c.p.) 


4. Into how many parcels of £1 4s. 38d. each can £700 be divided ? 
How much more would be required to make up one more parcel? (c.P.) 
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5. To how many persons may the sum of £19 19s. 11d. be paid out 
of an estate worth £10,000? How much each may 25 other persons 
receive from the residue ? (c.P.) 


6. In a chest were 13 drawers, in each drawer were 7 divisions, and 
in each division 8 purses, each purse containing £6 in gold, 9 half- 
crowns, and 142 pennies. How much money was in the chest? (c w.) 


7. What is the cost of telegraphing to a distance of 3800 miles a 
message consisting of 300 English and 150 Persian words; at the cost 
of 3d. per mile for every 00 English, and 3d. per mile for every 30 
Persian words? (c.z.) 


9. Supposing a million and a half of French bronze coins to be 
exchanged for English pence, at the rate of thirteen for a shilling, what 
will be the loss to those who had taken them for pence ? (C.P.) 


10. A man whose weekly earnings are 17s. 6d. saves a fifth part of 
that sum every fortnight. Find how many weeks it will take him to 
save as much as he spends in forty weeks. (C.W.s.) 


11. A sum of £657 9s. 91d. is divided among 68 persons, so that one 
receives four times as much as each of the others. Find the shares. 
(K.8.) 


12. A bill of £48 6s. 11d. was paid with an equal number of pounds, 
shillings, pence, and halfpence. How many were there of each 2 (PTA 


18. Divide £449 6s. 2d. among A, B, and C, giving B £21 5s. 4d. 
more than C, and A &7 6s. 3d. more than B. (c.8.) 


14. A party consisting of 27 persons set out to travel. The fare for 
each was to be £1 16s. 5d., but some of them having no money, the 
others agreed to pay their fares in equal proportions, and so had to 
pay £2 2s. 9d. each. Find how many of the party did not pay. (C.W.S.) 


15. Divide £320 2s. 102d. among 11 persons, so that 6 of them 
shall each have £2 5s. 9d. more than the others. (O.R.) . 


16. A sum of £1020 is to be divided between 10 men, 32 women, 
and 48 children. If each man’s share is to be equal to the share of 
two women, and if the 32 women are to have twice as much as the 
48 children, how much will the several individuals receive 2? (c.w.) 


17. If £456 Os. 6d. be divided among 16 men, 10 women, and 7 boys, 
so that two men get as much as three women, and two women as much 
as three boys, what is the share of each woman ? (C.PR.) 

18. Divide a sum of £370 7s. 62d. among 78 claimants, half of 
which number, being males, are to receive twice as much as the 
remainder, being females, What will be the share of a male, and what 
ofa female? (x,s.) | 

19. A sum of money is divided between A, B, and C; C gets twice 
as much as A; A and B together get £50; B and C together get £60. 
Hind the sum of money, and how much each person gets. (s.K.) 
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20. A certain sum of money was divided among A, B, and C; A 
and B received £18 19s.; A and C, £17 13s. 6d.; Band C, £15 12s. 6d. 
How much did each receive? (c.w.s.) 


21. A man owes three bills, of which one could be paid’by a certain 
number of florins, another by twice that number of half-crowns, and 
the third by six times that number of shillings. The bills amount in 
all to $7 3s. What are the several amounts? (s.x.) 


y 22, A farmer selling wheat at 34s. a quarter would just pay his 
expenses; he has, however, to sell half his crop at 33s. 8d., but waits 
then, and sells the remainder at 35s. 10d., making altogether a profit of 
£31 17s. 6d. How many quarters of wheat did he sell? (c.PR.) 


23. A grocer mixes 11 lbs. of tea at 2s. 6d. with 15 lbs. at 1s. 10d. 
and 14 lbs. at 4s, 2d. per pound. If he sells the whole at 8s. per pound, 
what does he gain per pound, and what is his total gain? (P.t.) 


wv: 24, A ship’s cargo is unloaded by 27 barges of equal size, each 
barge taking three loads, but if each barge had contained 170 tons 
more, then it would have had only one load. Find the weights of the 
cargoes of ship and barge respectively. (x.s.) 


25. One-half of the subscriptions to a certain fund are a guinea 
each, and one-third half a guinea each. The fund is completed by 
half-crown subscriptions amounting to £6. How many subscribers 
were there at each rate, and what was the whole amount subscribed ? 

(C.P.) 

26. A dealer has bought 9 oxen and 5 sheep for £186 2s. 6d., and 
would lose £2 by exchanging 2 oxen for 11 sheep. What is the price 
of an ox? (0. and o.s.) 


27. The number of boys in a school is increased from forty to fifty, 
and a saving of £2 5s. a head is thus effected. If the increase in the 
total expenditure be £525, find the cost of maintaining each of the 
forty boys. (C.S.L.) 


28. To bring goods from -Zanzibar to Unyamwezi costs £200 per 
ton, and, in consequence, calico which costs 14d. a yard in Zanzibar 
costs 5d. a yard in Unyamwezi. How many yards are there to the 
ton? (s.A.) 


_,-29. Large needles cost 1d. per score more than small needles. A 
girl who buys equal quantities of both finds that on the whole she gets 
8 fora penny. What is the price per score of each kind? (P.r.) 


30. The number of passengers in the second-class carriages of a 
train was three times the number in the first class; and the number 
in the third class exceeded the other two together by 36; the fares for 
the several classes were at the rate of 3d., 2d., and 1d. per mile; the 
average distance travelled by each of the first-class passengers was 
120 miles, by each of the second class 50 miles, and by each of the 
third class 25 miles; and the whole of the fares amounted to 
£390 1s. 8d. How many passengers were there of each class? (c.s.) 


Avoirdupots Weight. 


31. How many pounds of tea at 1s. 43d. per pound are worth as 
much as 2 tons 18 cwt. 3 lbs. of coffee at 112d. per pound? (p.P.) 
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32. If 3 cwt. 2 qrs. 22 lbs. of coffee cost as much as 2 ewt. 1 qr. 1 lb. 
of tea, how much tea should be given in exchange for 9 lbs. of coffee ? 
(C.Ww.) 


33. If 121 tons 17 owt. 2 qrs. of coal cost £187 Qs. 27d., what is its 
price per ton? At what price per ton do the poor pay for it, buying at 
the rate of 7 lbs. for a penny? (c.P.) 


34. A mixture consists of fifteen parts of coffee, purchased at £4 4s. 
‘per cwt., and one part of chicory, purchased at £1 16s. per cwt. It is 
sold at 1s. 4d. per pound. What profit would be made on the gale of 
2 cwt. 24 lbs.?  (c.8.1.) 


Troy Weight. 


35. Seven parts by weight of gold are mixed with eight parts by 
weight of silver, and the total weight is 250 ozs. What is the value of 
the mixture, gold and silver being worth £3 17s. 9d. and 403d. per 
ounce respectively ? (c.p.) 


36. Knowing that 5760 grains make a pound Troy, and 7000 grains 
make a pound avoirdupois, find how many pounds and ounces Troy will 
equal 3 qrs. 12 lbs. avoirdupois. (C.P.) 


37. A nugget of gold is worth £150 at £3 17s. 103d. per ounce. 
What is the value of an equal weight of silver at 54s. 6d. per pound ? 
(C.P.) 
38. If 1869 sovereigns are coined out of 40 Troy pounds’ weight of 
standard gold, what is the weight of a sovereign in grains ? and what 
is the value of an ounce of standard gold? (s.x.) 


39. A sovereign consists of twenty-two parts by weight of pure gold 
to two parts of alloy, and it weighs 123-274 grains Troy. Neglecting 
the value of the alloy, what is the value of pure gold per ounce Troy to 
the nearest penny? (s.x.) 


Long Measure. 


40. Show clearly how to reduce linear yards to poles, taking as an 
example the sum: Reduce 1384 linear yards to poles. (c.w.) 


41. How many more yards are there in 100,188 inches than in 
33 furlongs? (k.s.) 

42. From one mile take 7 fur. 39 po. 5 yds. 1 ft. 5 in. Explain the 
difficulty. (Pitre 


43. How many telegraph poles will be required for wires extending 
73 mi. 3 fur. 16 rods, supposing the interval between any two poles to 
be 99 ft.? (c.P.) 


44, How many times round a garden, 96 ft. long and 80 ft. wide, 


will make a walk of 3 miles ? p(P.t.) 


45. From Dover to Calais the distance is 1271160 in., from 
Folkestone to Boulogne 9280 po. Which is the greater, and by how 
much (in miles, ete.) ? (c.H.1.) 

46. A chimney is protected by a lightning-conductor made up of 
17 lengths of copper rod, which overlap each other 8 in. at each joint 
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The three uppermost rods are 7 ft. each in full length, the next eight 
11 ft. each, the lowest six 13 ft. each. The conductor projects 6 ft. 
above the top of the chimney, and enters the ground to a depth of 
9 ft. What is the height of the chimney? (c.w.) 


Wheels. 


47. A carriage wheel is 8 ft. 3 in. in circumference. How many 
turns does it make in driving 7 mi. and 1331 yds.? (s.x.) 


48. How many times will a bicycle wheel 12 ft. in circumference 
revolve between two places, A and B, distant 12 mi. 1 fur. 12 po. from 
each other? (0.R.) 


49. The circumference of a carriage wheel is 2 yds. 2 ft.2 in. How 
many times will it revolve during a journey of 27 mi. 578 yds. 2 ft. 10 in. ? 
(O.R.) 


50. The circumferences of the large and small wheels of a bicycle 
are 176 in. and 48 in. respectively. How many more turns will the 
latter have made than the former in going a distance of 15 mi.? (c.PR.) 


_ 51. The wheels of a cart go round 6600 and 3520 times respectively 

In a journey; the larger wheel is 133 ft. in circumference. Determine 

(1) the distance in miles, (2) the circumference of the smaller wheel. 
(c.P.) 


52. Assuming the diameter of a circle to be to its circumference 
as 7; 22, how many times will a bicycle wheel, which is 28 in. across, 
revolve in 43 min., when going at the rate of 16 mi. an hour? (c.P.) 


53. A four-wheeled carriage travels a distance of 10 mi. along a 
hilly road; a hind wheel, with circumference 4 ft. 1} in., is locked in 
going down two hills, one of which is 760 yds. long, and the other 
2003 yds. long. How often in the journey does this wheel turn round ? 

(P.T.) 


Square Measure. 
54. How many acres are there in 15681600 sq. in.? (0.R.) 


55. A cricket club purchased the freehold of their ground, which 
contained 10 ac. 3 ro. 38 po., for the sum of £17500. What was the 
cost per acre? (C.H.L.) 


56. A chain being 22 yds. long, how many square chains are 
contained in 8 ac, 24 ro. of land? (c.P.) 


57. A farm of 234 ac. contains 40 ac. 2 ro. 17 po. of arable, and 
93 ac. 1 ro. 18 po. of pasture land. The remainder is made up of 
coppices and garden ground. If the coppice land contains 153 ac. more 
than the garden ground, find how much coppice land there is, and what 
it is worth at £13 7s. 6d. per acre. (c.P.) 


58. Determine the number of square links in a piece of land 
33 acres in extent, a surveyor’s chain of 100 lks. being 22 yds. long. 
(C.P.) 
Cubic Measure and Volumes. 
59. Divide by 17 lin. ft. (a) 2028 lin. ft., (6) 2023 sq. ft., (c) 2028 


cub. ft. State carefully what the quotient is in each case, and give 
reasons for your answers. (P.5.A.) 
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60. How many cubic yards, etc., are there in 1458725 cub. in. ? (c.P.) 


61. Reduce 35469099 cub. in. to cub. ft. by short division, explaining 
how the remainder is obtained, and the reason of the rule. (C.P.) 


62. Copper weighs 550 Ibs., and tin 462 Ibs. to the cubic foot. 
What will be the weight of a cubic foot of a mixture of 6 parts copper 
to 5 parts tin? (s.x.) 


63. A milkman buys milk at 10d. per gallon, and sells on an 
average 57 gals. daily, Sundays included. At what price per quart does 
he sell it if he makes an annual profit of £346 15s.? (c.u.1.) 


64. A farmer, who had nine cows, sold to an agent all the milk they 
gave at 1s. Odd. per gallon. The agent retailed it at 4d. per quart, and 
in one week his profit was £1 16s. 9d. What was the average quantity 
of milk given per day by each cow during that week ? (C.P.) 


65. If a cubic foot of water weighs 1000 ozs., how many cubic yards 
of water will weigh 3373 tons? (0.3.) 


66. In the one week the Excise returns of wheat sold were 
61047 qrs. 5 bush. 3 pks., at an average price of £1 5s. 11d. per quarter. 
What was the value of the wheat ? (0. and c.H.¢.) 


Time. 


67. A millionaire’s income is said to be at the rate of 25s. a minute. 
What is it for a year of 3653 days ? (C.P.) 


68. Find the number of hours from noon on May 1, 1895, to noon 
on March 1, 1896. (x.s.) 


69. A candidate for an examination was born at 1 am. on 
December 15, 1872. What was his age in hours at 9 a.m. on December 
15, 1891? (c.8.1.) 


70. A man had 25s. in hand on Thursday, January 1, and on every 
subsequent Thursday he received £1 2s. 6d. Tf he spent 3s. 4d. daily, 
on what day would he first be in debt ? (P.E.A.) 


71. A young clerk is offered £50 a year, with his choice of an 
increase of £2 per quarter or of £35 per year. Compare the sum total 
of his earnings at the end of five years, according as he adopts one or 
the other alternative. (P.T.) 


72. If Neptune be 2706920000 miles distant from the Karth, and if 
light travels at the rate of 185000 miles a second, in what time will it 
traverse the space from one planet to the other? (c.P.) 


73. A railway passenger counts the telegraph posts on the line as 
he passes them. If they are 58 yds. apart, and the train is going 
48 miles per hour, how many will he pass per minute ? (C.PR.) 


74, The s.s. Ruahine left Plymouth at 6 a.m. on June 28, and 
reached Auckland at 9 a.m. on August 14. She called at Teneriffe, 
Cape Town, and Hobart, occupying just 23 days at those places. 
Taking the whole distance to be 12,500 miles, what was her average 
speed per hour? (c.p.) 
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INDIAN TABLES.* 


MONEY. 


12 pies (p.) = 1 anna (a.) 
16 annas = 1 rupee (RK. or Re.) 


The rupee is a silver coin weighing one tola = 180 grains. 
At present Rs.15 = £1. 
WEIGHT. 
1. Imperial or Bengal Bazar weight. 
5 tolas (tos.) == 1 chatak 


4 chataks == 1 powa (pow.) 
4. powas = 1 seer (sr.) [ = 2 lbs. avoir. | 
5 seers = 1 panseri | 
40 seers = 1 maund (md.) [= 822 lbs. avoir. | 


The Imperial seer and maund are used on all Indian 
railways, and for salt. 


2. Bombay. 
4. dhans (dhs.) = 1 rati (ra.) 
8 ratis = 1 masha (ma.) 
4 mashas = 1 tank (tk.) 
72 tanks = 1 seer [ = 112 oz. avoir. | 
40 seers = 1 maund [ = 28 lbs. avoir. | 
20 maunds = 1 candy (cd.) 
[3 maunds = 1 palla] 
3. Madras. 
3 tolas = 1 palam (pal.) 
8 palams = 1 seer 
5 seers = 1 viss (v.) [ = 8s lbs. avoir. ] 
8 Viss = 1 maund 


20 maunds = 1 candy 


* Years ago, Sir Richard Strachey wrote as follows :—‘‘'The diversity 
among the weights and measures used in various parts of India is as great 
as is well possible. Not only do the weights vary from province to province, 
but from town to town, and even within the same town or rural district. 
Different weights are used in various trades in the sale of different com- 
modities, and in wholesale and retail transactions.”’ 
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4. Indian Jewellers’ Weight. 


4dhans = 1 rati 
8 ratis = 1 masha 
12 mashas = 1 tola 


It will be noted that the terms seer, maund, and candy 
occur in more than one of the above, and also that the 
relation 40.seers = 1 maund, and 20 maunds = 1 candy is 
true for all the systems. The quantities, however, are 
different ; for example, the Bengal seer equals 80 tolas, but 
the Madras seer is only equal to 24 tolas, 


LINEAL MBEASURE. 


I. Bengal. 
3javs = 1 anguli 4 haths = 1 danda 
4 angulis = 1 muthi 2000 dandas = 1 kos 
3 muthis = 1 bighat 4 koses = 1 yojan 


2 bighats = 1 hath 


2. Bombay. 
8 yawas = 1 angul 4 haths = 1 danda 
2 anguls = 1 tasu 2000 dandas = 1 kos 
12 tasus = 1 hath 4kos =1 yojan 


2haths = 1 gunja or gaja (or yard) 


3. Madras. 
9 inches = 1 span 2 spans =1cubit 2 cubits = 1 yard 


Norr.—British measures of length are in use all over India, and 
for all practical commercial purposes the yard is the standard of length, 
even though it be called by a vernacular equivalent. 


SQUARE MEASURE. 
(1) Imperial. 
16 annas = 1 guntha 40 gunthas = 1 acre 
B 2 
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(2) Bengal. 

1 square cubit = 1 ganda 16 chataks = 1 cottah 
20 gandas =1chatak 20 cottahs = 1 bigha 
(3) Bombay. 

20 kathis = 1 paud 


20 pauds = 1 bigha 
120 bighas = 1 chahur 


(4) Madras. 


2400 square feet = 1 manie or ground 
24 manies = 1 cawnl 
484 cawnies = 1 square mile 


Notr.—In the Madras Presidency the measure of land is now 


mostly expressed in acres and cents, ¢.e. so many hundredths of an 
acre. 


SoLipiry (Cubic MEAsuRE). 
Bengal. 


13824 cubic angulis = 1 cubic cubit or hath 
8 cubic cubits = 1 cubic yard 


8 cubic yards or 64 cubic cubits = 1 chouka 


Bombay. 


8 cubic angulis = 1 cubic tasu 
1728 cubic tasus = 1 cubic hath 
8 cubic haths = 1 cubic gaja 


MEASURE OF CAPACITY. 


(I) Indian Liquid Measure. 


4 chataks = 1 powa 
4 powas = 1 seer 
40 seers = 1 maund 
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(2) Bengal Dry Measure. 
5 chataks = 1 kunika 


2 kunikas = 1 kbunchi 

2 khunchies = 1 reck 

2 recks = 1 pali 

2 palis = 1 doan [= 5 seers | 
2 doans 22] aa) 

8 doans = 1 maund 


(3) Bombay Dry Measure. 


36 tanks = 1 tipari (tip.) 
2 tiparies = 1 seer 
4 scers = 1 payali 
16 payalis = 1 maund or phara 


8 pharas = 1 candy 
25 pharas = 1 mudha 


[The weight of a seer of rice is about 1 lb. 6 oz avoir. ] 


(4) Madras. 
8 ollucks = 1 padi or measure 
8 padis = 1 marakkal 
5 marakkals = 1 phara 
80 pharas = 1 garce 
. Time. 
60 vinadhis or pals = 1 naliga or ghadi [= 24 minutes] 
74 naligas or ghadis = 1 jamam or prahar 


8 jamams or prahars = 1 day (Dina, or ahoratra) 


EXERCISE II. (4). 


Money. 
1. Add together— 
Rs. Bin. De Rs. a... Dp 
(a) 182713 1 (b)} 80524 5 11 
Magoo. 11 51021 8 8 
23904 1 O 19219 510 


2335 15 11 12037. 0 7 
15321 9 “ 

693 9 
2418 2 
11532 0 

4 
5 


8663 
12064 
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2. By how much greater is eighty-seven thousand three hundred 
and isixty-six rupees ten annas one pie than eighty-five thousand two 
hundred and eighty-six rupees six annas eleven pies? Express your 
answer in words. 


3. Multiply Rs,249 4as. 11p. by 659 and divide the result by 317. 


4. The distance by rail from Madras to Calcutta is 1032 miles, and 
the third class fare is Rs.13 Tas. Op. What is the charge per mile? 


5. Into how many parcels of Re.1 4as. 3p. can Rs.700 be divided ? 
What sum will be left over ? 


6. 108 men are employed on a piece of work and each of them 
receives 10 annas a day. If 18 of them fall ill, and their daily work 
and wages are divided among the others, what will be the daily wages 
of the men who do the work ? 


7. Of the men engaged on a piece of work a certain number receive 
12 annas a day, 3 times as many receive 10 annas a day, and 7 times as 
many receive Tas. 6p.a day. The daily wages amount to Rs.23 10as. 
How many workmen are employed ? 


8. A bill of Rs.87 5as, 11p. was paid with an equal number of 
rupees, annas and pies. How many were there of each ? 


9. Divide Rs.22 das. 10p. among 13 persons ‘so that 7 of them shall 
each have Re.1 1a. 1p. more than the others. 


10. Divide Rs.1518 Qas. among 5 men, 7 women, and 9 children, 
giving a woman twice as much as a child, and giving a man half as 
much again as a woman and child together. 


WEIGHTS, 
(a) Imperial, 
11. Reduce to tolas, 3 mds. 18 seers 3 pows 2 chtks. 8 tolas. 
12. Express 5678 tolas in maunds, seers, etc. 
13. Multiply 4 mds. 9 seers 1 pow 2 chtks. 3 tolas by 37. 
14. Divide i82 mds. 3 seers 3 pows 1 chk. 2 tolas by 53. 


15. Goods are bought at 8as. 9p. per seer, and are sent by rail at 
a cost of one and a half annas per seer. The goods are then sold at 
Rs.28 12as. per maund. What is the gain per maund ? 


16. A railway waggon is built to carry 5 tons 4 cwt.16 lbs. What is 
the equivalent weight in maunds that the waggon can carry ? 


(6) Bombay. 
17. Reduce to dhans— 


(1) 7 cds. 15 mds. 23 srs. 59 tks. 2 mas. 5 ras. 4 dks. 
(2) 16 cds. 18 mds. 33 srs. 19 tks. 3 mas. 6 ras. 2 dks. 


18. Express in candies, maunds, etc.— 
(1) 7608759 dhans. (2) 69742 tanks. (3) 462875 mashas, 
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(c) Madras. 


19. Reduce to tolas— 
(1) 8 cds. 6 mds. 7 viss. 5 pals. 2 tolas. 
(2) 11 eds. 17 mds. 5 viss. 6 pals. 1 tola. 


20. Express in candies, maunds, etc. 
(1) 12345 tolas. (2) 975312 tolas. (3) 24689 palams. 


21. How many pounds avoirdupois are there in the Madras maund ? 


LIngEAR M®ASURE. 
Bengal. 


22. Reduce to javas—— 
(1) 2 yo}. 3 kosas. 33 das. 3 has. 1 bt. 2 mus. 3 angs. 
(2) 1 yoj. 2 kosas. 999 das. 1 has. 1 bt. 2 mus. 2 angs. 2 javas. 
(3) 4 yoj. 1 kos. 1 da. 2 has. 1 bt. 1 mus, 2 ang, 


23. Express in yojans, kosas, ete.— 
(1) 98756432 javas. (2) 875648 angulis. 
(3) 7564 bighats. (4) 864210 hathas. 


24. Multiply 5 yoj. 3 kos. 19 das 3 has. 2 mus. 1 ang. 2 javs. by 89. 
25. Divide 3751 yoj. 853 das. 2 has. 1 bt. 2 mus. 1 ang. 1 jav. by 44. 


SQUARE M#ASURE. 
(a) Imperial. 
26. Reduce to annas— 
(1) 8 ac. 29 gus. 14 as. (2) 5 ac. 27 gus. 9 as. 


27. Express in acres, gunthas, and annas— 
(1) 729 annas. (2) 6578 annas. 


28. Multiply 4 ac. 31 gus. 13 as. by 357. 
29. Divide 315 ac. 7 gus. 11 as. by 19. 


iS (6) Bengal. 


30. Reduce to square cubits— 
(1) 9 bigs. 13 cos. 11 chtks. 17 gds. 
(2) 6 bigs. 12 cos. 14 chtks. 16 gds. 


31. Express in bighas, cottahs, etc,— 
(1) 7531 sq. cubits. (2) 10357 sq. cubits, 


62, Add together— 
bigs. cos. chtks.  gds, 


13 » ALS 15 
74 3 7 2 
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33. A man left a piece of land 72 bigs. 18 cos. 4 chtks. 5 gds. in 
area to be divided equally among his 7 sons. How much did each son 
get ? 


(c) Bombay. 
34. Reduce to kathis— 
(1) 23 bigs. 14 pas. 19 kas. (2) 11 bigs. 18 pas. 17 kas. 


35. Hixpress in bighas, pands and kathis— 
(1) 1246 kathis. (2) 8579 kathis. 


36. Multiply 12 bigs. 17 pas. 16 kas. by 119. 
37. Divide 591 bigs. 16 pas. 13 kas. by 89. 


(d) Madras. 
38. Reduce to sq. feet— 
(1) 9 cas. 23 mas: 1234 sq. ft. (2) 11 cas. 17 mas. 119 sq. ft. 


39. Express in cawnies, manis, and sq. ft.— 
(1) 37591 sq. ft. (2) 624084 sq. ft. 


40. Multiply 7 cas. 15 mas. 213 sq. ft. by 235. 
41. Divide 105 cas. 19 mas. 840 sq. ft. by 27. 


MEASURES of Capacrty. 


(a) Bengal. 
42. Reduce to chataks— 
(1) 12 mds. 5 dns. 1 pa. 1 rk. 1 kh. 1 kn. 4 chtkg, 
(2) 33 mds. 4 dns. 3 chtks. 


43. Express in maunds, doans, etc.— 
(1) 759 chataks. (2) 1327 chataks. 


(0) Bombay. 
44. Reduce to tanks— 


(1) 3 mudhas. 21 phs. 18 pays. 8 seers. 1 tip. 11 tks. 
(2) 6 cds. 7 phs. 11 pays. 2 seers. 13 tks. 


45. Express in mudhas, pharas, etc, — 
(1) 237856 tanks. (2) 978653 tanks. 


(c) Madras. 


46. Reduce to ollucks— 
(1) 2 gas. 53 phs. 3 mkls, 7 pds. 3 olls. 
(2) 3 gas. 37 phs. 2 mkls. 5 pds. 5 olls. 


47. Express in garces, pharas, ete.— 
(1) 523647 ollucks. (2) 698574 ollucks 


CHAPTER IIl. 


FACTORS AND PRIME NUMBERS. 


Factors.—Take as an example, 3 x 5 = 15. 


The numbers 38, 5, when multiplied together, make a result or 
product 15. Hence the numbers 8, 5 are called factors, and the 
result 15 is termed the product. 


A Factor is a number which, when multiplied by 
one or more numbers, yields a product. 


Measures.—Examine the following :— 
fijen X 5 = 15 (6) 48 = 5 (c) 12 =3 


The explanation of (a) has been given above. From (b) we see 
that 3 is contained exactly 5 times in 15, ie. 3 measures 15 exactly 
five times ; hence 3 is said to be a measure of 15. Similarly, from (ec) 
we see that 5 is also a measure of 15. 


A Measure is a number contained in another 
number an exact number of times. 

The terms Measure and Factor are practically synonymous. A slight 
distinction can, however, be made between them. 


Difference between a Factor and a Measure.—The term measure 
is connected rather with division and with producing a quotient ; 
factor is connected with multiplication and with a product. Thus— 


a given number 


a measure 
a factor x a factor = a product 


= a quotient 


Aliquot Part.—5s. is contained four times in £1 ; hence 
5s. is a measure of £1. However, when we deal with concrete 
numbers we use the term Aliquot Part. 


_ An Aliquot Part is a measure of a concrete 
quantity. 


Resolution into Factors. 
Resolve the numbers from 1 to 12 into factors. 
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5 Braet) Bia 

7 las=— ah pelos 

ey ast Bas} . 
4=—=\1x4or2 x2 

Deeslex< 5 

6=1x60r2x 838 

Veet bear 
8=1x8o0r2x4o0r2x2x 2? 
9=1x90r3x838 
Ort x10 67 2 x5 

f 9) posal Ss ea 

12 1x 120r2 x 6o0r8 x 40r2x2x 3 


On examination, we observe— 


(a) That each number has at least two factors—itself and unity. 

(6) That some numbers (e.9. 1, 2, 3, 5, 7, 11) have these two factors 
only. These are called prime numbers. 

(c) That the other numbers (eg. 4, 6, 8, 9, 10, 12) have other 
factors beside the two mentioned in (a). These are called composite 
numbers. 


A Prime Number (or a Prime) is a number which 
has no factor except itself and unity. 

It is a common error to say that a prime number has no factor. 
Every number has at least two factors—itself and unity. 


A Composite Number is a number which has 
other factors in addition to itself and unity. 


Prime Factors are those factors of a number 
which are primes. 


1, 2, 3 are prime factors of 12; 4 and 6 are factors, but not prime 
factors, of 12. 


Numbers prime to each other.—Numbers which have 
no common factor greater than unity are said to be prime to 
each other. 

Thus 21 and 22 are prime to each other, because they have no 


common factor greater than unity. But observe that neither 21 nor 
22 is a prime number. 


Tests of Divisibility—The following rules will be of 
considerable service in the determination of factors. 

A number is divisible by— 

2, if its last digit is divisible by 2. 


Thus 328 is divisible by 2, because its last digit (8) is divisible 
by 2. 
328 = $20 + 8 = (82 X 10) + 8 
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Since 10 is divisible by 2, any multiple of 10 is divisible by 2. 
Therefore 32 x 10 is divisible by 2. 
And since 8 is divisible by 2, the whole expression (32 X 10) + 8, or 328, 
is divisible by 2. 
4, if the last two digits are divisible by 4. 
Thus 828 is divisible by 4, because its last two digits (28) are 
divisible by 4. 
328 = 300 + 28 = (3 x 100) +. 28 
Since 100 is divisible by 4, any multiple of 100 is divisible by 4. 
Therefore 3 X 100 is divisible by 4. 
And since 28 is divisible by 4, the whole expression (3 X 100) + 28, or 328, 
is divisible by 4. 
8, if the last three digits are divisible by 8. 
Thus 4328 is divisible by 8, because its last three digits are 
divisible by 8. 
4328 = 4000 + 328 = (4 x 1000) + 328 


1000 is divisible by 8; therefore 4000 is divisible by 8, and since 328 is 
also divisible by 8, the whole expression 4328 is divisible by 8. 


5, if the last digit is 5 or o. 

Any digit but the last must represent 10 or some multiple of 10, and hence 
is divisible by 5; and if the last digit is a 5 or a 0, the whole expression 
is divisible by 5. 

10, if the last digit iso. This is obvious. 
3 or 9, if the sum of the digits is divisible by 
3 Or 9. 

Take 2745 as the number. It is divisible by 9 (or 8) because the 

sum of its digits 2+ 7+ 4 + 5, or 18, is divisible by, 9 (or 3). 


2745 = 2000 + 700 + 40+ 5 A B 


2000 = 2 x 1000 = 2 x (999+ 1) = 2 x 999+.2 
700=7x 100=7X (994+1)=7x 99-47 
40=4x 10=4x (9+1)=4~x as 
‘Te 


The expressions in column A are multiples of 9 (or 3), therefore their sum 
is divisible by 9 (or 3), and the digits in column B are the digits of the whole 
number. Since these are divisible by 9 (or 3), the whole number js divisible 
by 9 (or 3). 


II, when the difference between the sum of the 


digits in the even places, and the sum of the digits in 
the odd places is either 0 or is divisible by It. 


Take 2178 as the number. We see that it is divisible by 11, 
because the difference between the sum of the digits in the even places 
7 + 2 (or 9) and the sum of its digits in the odd places 8 + 1 (or 9) is 
equal to 0, 
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The nearest number to _—10 divisible by llis 11 
0 


” 9 10 a llis 99 
” nA 1000 af 11 is 1001 
2? 2? 10000 9 11 is 9999 


etc. 
2178 = 2000+ 100+ 70 +8 
A 


EE, 

2000 = 2 x 1000 = 2 x 1001 — 2 

100=1x 100=1x 9941 

H=7 X10 2777 

The expressions in column A are divisible by 11, and the —2 and —7 

(or —9) is the sum of the digits in the even places, while 1 + 8 (or 9) is the 

sum of the digits in the odd places, and 9 — 9 = 0, therefore the whole 

number is divisible by 11. 

The above are the chief of the simple factors. 

Many tests have been suggested for divisibility by 7, but none of them 

is shorter than actual trial. The student should now re-read the para- 

graphs on “ casting out the 9’s” and “ casting out the 11’s,”’ pp. 11 and 12. 


Other Tests of Divisibility, the -‘ proofs” for which are nearly 
or quite self evident. 
A number is divisible by— 


6, if it is divisible by 8 and 2 

12, ry) 99 3 » 3 

15, ” ”? D » O 

16, if the last four digits are divisible by 16 
25, A two ie < us 25 
125, a three 5 3 meee LAD 


Resolution of a number into its Prime F actors. 


Example.—Separate 7812 into prime factors. (C.P.) 
Try the prime numbers in succession, beginning with 2. When 
the quotient is no longer divisible by 2, try 8, and so on. 


7812 = 2 x 8906 
= 2 X25 1955 
= 2x 2x 3.365" 
= 2.% 228 See 
= 20% 2° Bape ad 


2, 3, and 7 are prime factors (p. 36), and 31 will be shown to be 
a@ prime factor in the next paragraph. 


To determine whether a given number is a Prime.—Take 31 from 
the preceding example ; divide by the prime numbers in succession. 


31 = 15 and 1 over 


D 
3 — 10 and 1 over 
=1 = 6 and 1 over 
31 — 4 and 8 over 


We have now obtained a quotient less than the divisor. Leaving 


FACTORS AND PRIME NUMBERS 39 


31 and 1 out of consideration, if 31 contained a factor less than 7 , we 
should have found it as a divisor ; if it contained a factor greater than 
7, we should have found it as a quotient. With the exception of 
itself and unity, 31 has no factor greater than 7 or less than [Oe ete 
has no other factor. 31 is therefore a prime number. 

Those students who know what square root means will see that 
the trial divisor need not go beyond the approximate square root. 


Hence the following rules :— 

Commence with 2 and divide by the prime numbers in 
succession until you obtain a quotient less than the divisor. 
If you have not by this time obtained a factor, you may 
conclude that the number is a Prime ; or, more briefly— 

If a number has no factor equal to or less than its square 
root, then the number must be a prime. 

No process of ascertaining whether a number is or is not a prime has 


been discovered except the process of successive divisions by primes 
explained above. 


Method of forming a Table of Prime Numbers. 
1. Write down the numbers 1, 2, 3 and all the odd numbers up to 
the limit required. 
2. Eliminate— 
(a) Every third number after 3 
en fith: |, eee 
C) 4 seventh ,, RS 
3. Determine whether the remaining numbers are primes as shown 
above. 


To find the number of different divisors of any Composite 
Number. 

1. Find the prime factors of the number. 

2. Add unity to the highest index of each factor. 

3. The product of the sums will be the number of different 
divisors. 


Example.—How many different divisors (eacluding unity) has 
9009? (1.M.) 
9009 = 3? x 7 x 11 x 18 
Number of divisors including unity =(2+1)1+1)\1+1)(1+1)=24 
Number of divisors excluding unity = 24 —1 = 23 Ans. 


Reason for the rule. 
9009 = 32 x 7 X.11 x I8 
3? is divisible by 1 and 3 and 32 
7 ” ” 1 ” 7 
ll %> 9? 1 9°? ll 
13 $9 cl Sos 


Each term in the product (1 and 3 and 32) (land 7) (land 11) (1 and 13) 
is a factor of 9009, or 32 x 7 x 11 x 13. 

The above product gives 24 terms, therefore there are 24 divisors includ- 
ing unity, or 23 excluding unity. 
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Powers and Indices.— Examine the following :—~ 


(a) 2x2= 4 or 2? 
(b) 2X 2 x2 oan 28 
(c) 2x 2x 2x 2 = 16 or 24 


(a) 4 is the product of two 2’s ; is called the second power of 2, or, 
more briefly, the square of 2. 

(0) 8 is the product of three 2’s; is called the third power of 2, 
or, more briefly, the cube of 3. 

(c) 16 is the product of fowr 2’s, and is called the fourth power 
of 2. 

Two itself may be called the first power of 2. 


Indices.—Suppose we have to indicate the ninth power ef 4. We 
could write our expression thus: 


Ax 4x AK ALK Ed Raed 4 


This method would be laborious, especially with high powers, and con- 
sequently the following device is adopted: The factor is written once, and 
a small digit which indicates the number of times the factor is to be used 
in multiplication is put at the top right-hand corner of the factor. 

Thus 4 to the ninth power is written 4°, and 4 to the hundredth power 
is written 419°, 


The digit 9 is called an index (plural indices), because it indicates 
or points out the number of times 4 is to be used in multiplication. 


Observe the indices used in (a), (6), and (c) in the last paragraph. 


Two common errors. 


(1) 3? does not mean 3 X 2, or 6. It means 3 xX 3, or 9. 

(2) 32 does not mean that 3 is to be multiplied by itself twice—a very 
common mistake. ; 

3 multiplied by itself twice =3 x3 x3 = 27, i.e. 33, 

3° simply means that two threes are to be multiplied together ; 49 means that 
nine fours are to be multiplied together. 


Roots —Observe that each of the products in (a), (6), and (ce), 
above, is obtained by multiplying a factor into itself a certain number 
of times. This factor is called the root. 


Thus 2 is called the square root of 4, and is written thus: 2/4 = 2. 
» 218 called the cube root of 8, and is written thus : Ay S 12) 
» 21s called the fourth root of 16, and is written thus : n/ 16 2. 


Extraction of a Root by resolution into Prime Factors. 


Example.—Find by resolution into factors the square root of 
7056. (P.T.) 


7056 = 2 x 3528 
=) <2 764 
= 2x, 2 x 2 se 
= 2x 2% 2 oD ee 
= OX 2% 2x ON a ae 
=2x2x2x2x38x3x 49 
= 2x 2x 2x 2 Bene % 56-7 
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Arranging these factors into two equal groups, we have— 


eco 1) xX .(2 x 2 xo ea 
hence square root = 2x 2x38x7=84 Ans. 


THEORY. 


1. Define a prime number, and write down all the prime numbers 
between 100 and 120 Find whether 401 is a prime number. (c.w.) 


2. Explain what is meant by a prime and a composite number. 
Show how you may resolve any number into its prime factors. (C.P.) 

3. Taking the word “number” to mean “whole number,” define a 
prime number, and prove what is the largest divisor (in the series, 2, 3, 4, 
5, etc.) that need be tried in order to be sure that 293 is a prime number. 
Prove that 293 is a prime number. (c.H.L.) 

4. Define factor, common factor, prime number, and odd number. 
How many numbers between 1000 and 10,000 are exactly divisible by 
29? (K.S.) 

5. When is one number prime to another? (R.m.a.) 

6. Can two numbers be prime to each other without being prime 
numbers? (K.S.) 

7. What is a prime factor? Write down all the prime factors of 
10296. (P.E.A) 

8. Show that the difference between any number and another a 
million times as great is always divisible by 7, 13, and 87. (c.m.) 


9. How can you see at a glance whether a number is divisible 
(1) by 5, (2) by8? Give a reason for your answers in each case. (P.H.A.) 


10. A whole number is notated by 63 fives: is it a multiple of 45? 
Give a reason for your answer. (c.w.) 


11. State how it can be seen by inspection whether a number is or 

is not divisible by 9 or by 11, and prove the first of the rules referred to. 
(C.H.L.) 

12. State and prove the rules for ascertaining whether a given 
number is divisible by11. Show that if a number be divided into pairs 
of digits beginning with the units’ figure, the number is divisible by 99 
if the sum of the numbers formed by each pair of digits is divisible by 
99. (S.A. and 8.L.C.) 

13. Is it universally true that the sum of two prime numbers can- 
not be a prime number? If not, amend the statement, giving your 
reasons. (C.S.) 

14. Explain why a prime number can be converted into a composite 
number by the addition of unity. What is the exception to this state- 
ment? (C.8.) 

15. Examine and criticize the following: (a) All prime numbers are 
odd numbers; (b) all odd numbers are prime numbers; (c) the number 
i7 has no factors. 
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16. From 98765 subtract any other smaller number consisting of the 
same five digits in a different order, and divide the remainder by 9. 
Why must the remainder be divisible by 9? (P.z.a.) 


17. Prove that the difference of any two numbers composed of the 
same digits is divisible by 9. (c.s.) 


18. When is one number said to be a factor of another? Show that 
if two numbers have a common factor their sum contains the same 
factor. Show that 337 and 663 have no common factors. (e7) 


19. Show that the sum of any numbers (each less than 100) will be 
exactly divisible by 11, if the difference between the sum of the units- 
digits and the sum of the tens-digits vanishes, or is exactly divisible by 
11. Take any set of numbers—35, 67, 89, 8, 32, for instance—and base 
your reasoning upon them. (C.s.) 


20. Show how you would adapt the tests by casting out nines and 
elevens (usually applied to multiplication sums) to simple addition and 
subtraction sums. An addition sum is incorrectly performed, but the 
tests by casting out nines and elevens both fail to detect the error. 
Show that the difference between the answer obtained and the correct 
answer must be a common multiple of 9and 11. (c.s.) 


21. Show that if in any number with an even number of digits, 
say 8, the last digit be taken away and placed in front, the sum of the 
number thus formed and the original number will be divisible by 11. 

(C.8.) 


EXERCISE III. 


1. Find whether the following numbers are exactly divisible by 
2, 3, 4, 5, 6, 7, 8, 9, 10, 11: (a) 288; (b) 1050; (c) 3563; (2) 166648 ; 
(e) 123456789. 

2. Hind the prime factors of (a) 45; (b) 105; (c) 865; (d) 1760; 
(e) 1331. 

3. Write down the prime numbers between (a) 111 and 150; (6) 550 
and 600; (c) 950 and 1000. 

4. Find the nearest prime number to the following : (a) 189; (b) 484; 
(c) 981; (d) 1000. 

5. Resolve the following into prime factors, and hence find the 
square root; (a4) 625; (b) 11664; (c) 128164; (d) 883600. 


6. Add a digit to the right of each of the following numbers so as 
to make the whole number divisible by 11: (a) 31221; (b) 4756657 ; 
(c) 426486082. 


7. Write out the integral number of pence which are measures of 
(a) 5s.; (b) 11s.; (c) £1 Is. 


8. Obtain the prime factors of 496, and show that the sum of all the 
different numbers which will exactly divide 496 (including unity, but 
excluding 496) is 496. (c.P). 


9. Find the prime factors of 273, 2717, and 5382. (C.H.L.) 
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10. Ascertain whether 2779 is a prime number or not. Also resolve 
842673 into factors. (S.A.) 


11. Separate 249984 into prime factors, and show that it is the con- 
tinued product of three consecutive numbers. (c.P.) 


12. Resolve 58744125 into its prime factors. (s.A.) 


13. If 180621 be separated into two factors, show that the lesser of 
the two cannot be greater than a certain number. What is that 
number? and what are the factors most nearly equal to it? (s.a.) 


14. Separate 3150 into two factors, each consisting of more than one 
digit, in every way that you can. (s.A.) 


15. Arrange the digits 1, 2, 3,5, 9,9,so0 as to form a number divisible 
by 1875, explaining how you arrive at your result. (Factorize 1875.) (c.P.) 


16. There are four prime numbers; the product of the first three is 
2431; that of the last three 4199; determine the four numbers. (S.A.) 


17. Show that the number 1321 has no divisors. (c.PR.) 


18. Write down four prime numbers, all greater than 150, which 
differ only in the units’ place. (c.s.) 


19. Find how many different integers, besides unity, divide 9009 
without remainder. (.M.) 


20. How many different integers, besides unity, will divide 576000 
without a remainder ? 


CHAPTER IV. 


MEASURES: COMMON MEASURE, 
GREATEST COMMON MEASURE. 


Measures.—Resolve 60 and 84 into prime factors. 


60 = 2x2 eee 
84=2xX2x38x7 


The factors or measures we have obtained are 2, 3, 5, and 7. 


Common Measures.—Of these, 2 and 3 are measures of both 60 
and 84; hence 2 and 8 are said to be common measures of 60 and 84, 
But the expression 2 x 2 is also a common measure of 60 and 84, and 
it is greater than either of the measures 2 and 3; hence 2 x 2 might 
be termed a greater common measure of 60 and 84, but the term 
greater common measure is never used. Similarly, 2 x 8 might be 
so termed. 


The Greatest Common Measure.—Further inspection will show 
that 2 x 2 x 8 is also a common measure of 60 and 84. We have 
thus found five common measures of 60 and 84, viz.— 


2 
o 
axe 
2X3 
2 x Dc 
and of these2 x 2 x 8 is the greatest, so it is termed the Greatest 


Common Measure. 


The following definitions will now be clear :— 


A Measure of a given number is a number which 


is contained in that given number an exact number 
of times. 


A Common Measure of two or more numbers is a 
number which is contained in the two or more given 
numbers an exact number of times. 


The Greatest Common Measure of two or more 
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numbers is the greatest number which is contained 
in the two or more given numbers an exact number 
of times. 

Observe the following points in these definitions: a measure is a measure 
of one number; a common measure is a measure of two or morenumbers. We 
do not say the common measure, because in all probability there are two or 
more common measures of two or more numbers. Ii there is only one 


common measure, then tie common measure is also the greatest common 
measure. 


The Highest Common Factor. 
The expressions 2, 8,2 x 2,2 x 8,2 x 2 x 8 given on p. 44 are 


often termed the common factors of 60 and 84, and 2 x 2 x 3 is then 
termed the highest common factor. 


The Highest Common Factor of two or more numbers is 
thus the highest number which, when multiplied by one or 
more prime numbers, produces the numbers of which it is the 
highest common factor. 


ay 


The term “‘ highest common factor” has the advantage of being appli- 
cable both in algebra and in arithmetic, whereas the term “greatest 
common measure” cannot always be correctly employed in algebra. 

xz and x? are both common factors of «? and «*, and 2? is the highest 
common factor. But if x happens to be less than unity, x? is not greater 
than x; therefore x? cannot be properly termed the greatest common 
measure. The highest factor is not necessarily the greatest. 


Sometimes the greatest common measure is called the highest 
common divisor. 

G.C.M. is frequently written as a contraction of the term greatest 
common measure. Similarly, H.C I’. stands for highest common factor, 
and H.C.D. for the highest common divisor. 


To find the G.C.M. (or the H.C.F.) of two 
numbers. 


First Method. The Method of Prime Factors.— Resolve the 
given numbers into prime factors, and the product of the 
common prime factors is the G.C.M. (or H.C.F.). 


This rule is evident from the preceding paragraphs. 


Example.— ind the G.C.M. (or H.C.F.) of 420 and 2310. (c.p.) 


Paws x 2K Ox Gee 
poate X68 KO Xe See 
the G.C.M.=2x38x5x7= 210 


Second Method. The Method of Division.—(a) Divide the 
greater of the two numbers by the less ; (0) divide the divisor 
by the remainder ; (¢) repeat process (0) till no remainder is 
left. The last divisor is the G.C.M. (or H.C.F.). 
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Example.— ind the G.C.M. of 1702 and 1998. (0.8.15) 
1702)1998(1 
1702 
296)1702(5 
1480 


222)296(1 
222 


74)222(3 
229 


—_— 


G.C.M. = 74 Ans. 
Or, preferably, the following contracted form should be employed :— 


5)1702)1998(1 
1480|1702 


3)222) 296(1 
222) 299 


74 


The rule given above is based upon the following principles :— 


(i.) Whatever measures a number measures any multiple of that 

number. 
3 measures 15 five times 
Then 3 He 15 X 8 five X eight times. 

(ii.) Whatever measures each of two numbers measures both their 

sum and difference. 
7 measures 49 and 21 
Then 7 ‘ 70, t.e. the sum of 49 and 21 
And 7 a. 28, 2.e. the difference between 49 and 21 
Applying these principles— 
The G.C.M. of 1702 and 1998 


= , G.C.M. of 296 ,, 1702 for296 is the difference between 1998 and 
1702 (Principle ii.) 


= » G.C.M. of 222 ,, 296 for 299 is the difference between 1702 and 
five times 296 (Principles i. and ii.) 
= a GCM of 74 ,, 229 | for94 Whe iditeronces betweoon Be and 
222 (Principle ii.) 
and ,, G.C.M.of 74 ,, 222 is 74, for 292 is a multiple of 74 (Prin- 
ciple i.) 


To find the G.C.M. of three or more numbers. 


First Method.—Apply the method of prime factors. 

Second Method.—¥ind the G.C.M. of the first and second numbers, 
as in the method of division. Then find the G.C.M. of the G.O.M. 
just found and the third number. This process may ke continued for 
four or more numbers. 
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Contracted methods of finding the G.C.M. 


Contracted methods that may be employed in working the method 
of division in the ordinary way. 
1. The principles underlying the first process is that of finding two 
smaller numbers having the same G.C.M. Hence— 
(a) If one of the given numbers has a prime factor not contained in the 
other, it may be discarded at once. 
(0) A factor which is common to both numbers may be taken out and set 
aside for multiplication into the last divisor, for, being a factor of 
both numbers, it must be a factor of the G.C.M. 
Either rule may be used at any stage of the process. 
(c) If we find that any two consecutive remainders have no common 
measure except unity, we need not proceed further; in that case 
numbers are prime to each other. 


Example.—Tind the G.C.M. of 3085345 and 45386655. — (c.s.) 


5 | 3085345 5 | 45386655 
WE Lee Divide each by 5, which will be 


617069 ) 9077331 (14 one of the factors of the G.C.M. See 
617069 (0) above. 
Proceed with the G.C.M. by 
2906641 usual method. 
2468276 Divide by 5. See (a) above. 
5 | 438365 Again proceed as in G.C.M. 


Divide by 2. See (a) above. 


BIG19)617 069(7 Again proceed as in G.C.M 
ee! ‘A factor of 865 is 73. 
3153358 
1679) 87673 (52 
Divide 365 and 1679 each 8395 
by 73, which will be another nae 
factor of the G.C.M. See 3723 
(5) above. 3358 
5 and 23 are prime to “RAR 
each other. See (c) above. ie | 365 73 | 1679 
The two factors of the 5 23 
G.C.M. are thus 5 and 73. G.C.M.=5 x 73=365 Ans. 


For comparison, the stu- 
dent should work by the ordinary method. He will find that he employs 
nearly twice as many figures. 

2. Thesecond contracted method is the application of the Italian method 
of division (see p. 9), and may be illustrated by the example above. 


5 | 3085345 5 | 45386655 


617069  ——-9077331(14 
2906641 The student who cannot follow 
5 | 43 8365 this contracted method is recom- 
| mended to re-study p. 9. 
87673)617069(7 
2 | 3358 
1679) 87673 (52 
3723 
73 | 365 73 | 1679 
5 23 


G.C.M. = 5 X 73 = 365 Ans. 
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Problems solved by the application of G.C.M. 


Example.— Two bills, one of £6 7s. 6d. and the other of £9 17s. 6d., 
are to be paid in coins of one kind. What és the largest coin that can 
be used? (.PR.) 

The largest coin is the G.C.M. of the two quantities. But in order 
to find the G.O.M. of two concrete quantities, they must first be reduced 
to the same unit. 


£6 7 6 = 255 sixpences 
£9 17 6 = 395 sixpences 
200 = '5 Sex 
395 = 5 x 79 
G.C.M. = 5 


the largest coin = one containing 5 sixpences = 2s. 6d. Ans. 


Example.— What is the greatest number which, when used as the 
divisor of 68180 and 107275, will leave remainders 27 and 49 
respectively 2? (C.8.) 

Since, on dividing 68130, a remainder of 27 is left, the “ greatest 
number” required must divide 68130 — 27 (or 68103) exactly. 
Similarly, it must divide 107275 — 49 (or 107226) exactly. 

The problem is now to find the G.C.M. of 68103 and 107226, which 
is 1449, the number required. 


| 


THRORY. 


1. Define the following: measure, common measure, greatest 
common measure. (C.PR.) 


2. Why is the term “ highest common factor ” considered by many 
to be preferable to the term “ Sreatest common measure ”’ ? 


3. What is the meaning of the word “common” in the expression 
“greatest common measure ”’ ? (C.m.) 


4. On what arithmetical truths is the ordinary rule for finding the 
greatest common measure of two or more numbers based? Express 
each of those truths in words, or in a symbolical form, and give a 
numerical example of each. (c.w.) 


5. How would you find the greatest common measure of two 
numbers which can easily be resolved into simple factors (e.g. 1848 and 
2079)? Explain why your answer is the greatest common measure. (K.8.) 


6. How do you proceed to find the greatest common measure of 
three or more numbers ? Prove the correctness of your method. (0..1.) 


7. Define a measure of a number. (a) Of how many two-figure 
numbers is 2 a measure ? (0) Is it their greatest common measure ? 
Give your reason. (p.7.) 


8. One of the two principles on which the “rule” for finding the 
greatest common measure of two numbers depends is this: If a number 
C measures A and also measures B, it measures the sum of A and B, and . 
measures the difference of A and B, What is the other principle ? (P.r.) 
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9. Prove that the numbers formed by adding their greatest common 
measure to each of two odd numbers, have a greatest common measure 
at least twice the original greatest common measure. (8.A.) 


10. The process of finding the greatest common measure of two 
numbers may sometimes be abbreviated by the consideration of factors, 
which inspection shows to be (i.) common, (ii.) not common, at any stage 
of the work. Explain the principles upon which such factors must be 
dealt with. (c.8.) 


EXERCISE IV. 


GREATEST COMMON MEASURE. 


1. Find by the method of prime factors the G.C.M. of: (a) 46 and 
138; (b) 135 and 225; (c) 384 and 1296; (d) 900 and 3474; (e) 94248 
and 504900. (c.M.) 


2. Find the G.C.M. of: (a) 348 and 1024; (6) 1879 and 2401; (c) 
10166 and 46189 (0.8.u.); (d) 46835 and 82824 (c.p.); (e) 202587 and 
981517 ; (f) 13547, 17081, and 20677 (c.u.L.) ; (g) 116039, 122067, and 
137137 (s.K.); (h) 464321 and 683111; and hence find all the common 
measures of the last two numbers. 


3. I have two pieces of string, one 12 inches, the other 8 inches 
long. How shallI divide them so that the pieces of each piece of string 
are of the same size and as large as possible ? 


4. What is the G.C.M. of £36 Os. 43d., £48 14s. Tid., and £861 7s. 41d. ? 


5. What is the G.C.M. of Rs.1116 la. 7p., Rs.2333 10a. 7p., and 
Rs.3754 2a. dp. ? 


6. Find the greatest length of which both 48 po. 1 ft. and 55 po. 
41 yds. 2 ft. are multiples. (c.w.) 


7. What isthe greatest length of which 18 yds. 1 ft. 3 in. and 20 yds. 
1 ft. 9in. are multiples? (K.T.) 


8. Find the longest period of time which is contained an exact 
number of times in 629 days 4 hrs. 16 min. 28 sec., and also in 486 days 
4 hrs. 23 min. 38sec. (C.H.L.) 


9. Three persons have respectively £275, £150, and £225, with which 
they agree to purchase horses at the highest price per head which will 
allow each to invest all his money. What will be the price of each 
horse ? 


10. A farmer wishes to put 39 bushels of wheat, 403 bushels of oats, 
and 182 bushels of barley into the largest bags of equal size that will 
exactly hold each kind. How many bushels must each bag hold ? 


11. A schoolmaster divided his scholars, consisting of 221 boys and 
143 girls, into the largest possible equal classes, so that each class of 
boys should number the same as each class of girls. Find the number 
of classes. 


12. In one factory the wages amount to Rs.257 11a, 11p., and in 
another to Rs.625 lla. Tp. If every man receives the same wages, 
how many men were employed in each factory and how much does each 
man receive ? 
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13. A merchant with 12028 apples and 12772 oranges wishes to pack 
them in boxes so that each box shall contain the same number of apples 
or of oranges, What is the largest number of apples or oranges he can 
pack into a box ? 


14, A number of casks, all of one size, and that size an integral 
number (more than one) of gallons, are exactly filled from a vegsel 
holding 323 gals. of water. Other casks of the same size are exactly 
filled from a vessel holding 255 gals. The vessels are then empty. 
Find the total number of casks. (Pa) 


15. A merchant has 300 mds. 23 seers of one kind of grain and 350 
mds. 25 seers of another kind, and this has to be put into an exact 
number of bags, all of the same size and as large as possible, without 
mixing the two kinds of grain together. How much must each bag 
hold, and how many bags will be needed altogether ? 


16. Two army corps contain 12,028 men and 12,772 men respectively. 


What is the largest size of regiment if each corps be divided into an 
exact number of regiments of equal size ? 


17. What is the greatest number such that if 13850 and 17080 be 
divided by it the remainder in each case is 17 ? (C.8.L.) 

18. What is the greatest number which will divide 2000 and 2708, 
and leave remainders 11 and 17 respectively? (c.p.) 

19. Find the greatest number which is such that, when 12288, 19139, 
and 28200 are divided by it, the remainders are all the Same, (C.S.L.) 

20. Find the largest number which is such that, when 142408, 
158599, and 166402 are divided by it, the remainders are all alike. (C.H.L.) 

21. A boy has two pieces of tape. Their lengths are 416 yds. and 
611 yds., but the boy does not know this, and has no means of finding 
it out. How can he mark off on one of these tapes a piece which is the 
greatest common measure of the two tapes? (P.T.) 

22. What is the length of the largest-sized square slab that could be 
used in paving a courtyard 77 ft. 1 in. by 56 ft. 3 in. ? 


23. A courtyard measures 96 ft. long and 45 ft. broad. Whatis the 
largest square slab with which it could be paved ? 


24. A man has a triangular piece of ground, the sides of which are 
96, 84, and 104 ft. long respectively. He wishes to enclose this field with 
hurdles of the greatest possible uniform length. What is the length of 
each hurdle? 


25. Standard gold is worth £3 17s. 10}d. per ounce. What is the 
least number of ounces that can be coined into an exact number of 
sovereigns? (c.w.) 


26. In finding the G.C.M. of two numbers, the last remainder is 35 
and the quotients are 1, 2,1, 3. Find the numbers. (c.s.) 


at In finding the G.C.M. of two numbers, the last divisor is 49 and 
the quotients 17,3, 2. Find the numbers. (C.s.) 


28. Of all the odd numbers intermediate between 1000 and 2000, 
which two have the greatest common measure, and what is the common 
measure? (L.M.) 


CHAPTER V. 


MULTIPLES: COMMON MULTIPLES, LEAST 
COMMON MULTIPLES. 


TAKE as an example— 
OX. 0 =O 
We have learned that 6 and 5 are factors of 30, and that 30 is the 
product of 6 and 5. But 80is sometimes termed a multiple of 6 (or 5), 
because when 6 (or 5) is multiplied by some other number the multiple 
30 is obtained. 
Hence the following definition :— 


A Multiple of a given number is a number which 
is obtained by multiplying that given number by 
some other number. 


Or, viewing the definition from the aspect of division rather than 
of multiplication, we have— 


A Multiple of a given number is a number which 
is divisible by that given number. 


Thus 30 is a multipie of 6 because 30 is divisible by 6. 


By “divisible” is meant divisible without a remainder, ‘.c. exactly 
divisible. 

The terms Measure and Multiple are correlative. Thus !2 being a multiple 
of 3, 3 is a measure of 12. 

The term Sub-Multiple is sometimes used for measure. 


Next write out the multiples of 2, 3, and 4 which are less than 25. 


‘12 | | [18] |20 


2)2 |4| 16] |8{ 10 | 14 116 22 || 24 | 
3} 3) iene 12 || 15 18 21 || 24] 
Hl Eee 12] (18) i ON | 24 | 


Examining this table, we see that 4 is a multiple of both 2 and 4. 
Hence 4 is said to be a common multiple of 2 and 4. Further exami- 
nation shows that 6 is a common multiple of 2 and 38; 8 a common 
multiple of 2 and 4, ete. 

If we look for common multiples of 2, 3, and 4 we find 12 and 24, 
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and of these 12 is the least: hence 12 is said to be the Jeast common 
multiple of 2, 3, and 4. 
The following definitions can now be drawn up :— 


A Common Multiple of two or more given 
numbers is a number which is divisible by each of 
the two or more given numbers. 

The Least Common Multiple of two or more given 
numbers is the least number which is divisible by 
each of the two or more given numbers. 

Note.—(a) The number of common multiples of two or more numbers is 
infinite, but all of them are multiples of the least common 


multiple. 
(0) The letters L.C.M. denote Least Common Multiple —never 
Least Common Measure. 


To find the L.C.M. of two or more numbers. 
1. By the method of Prime Factors. 

Example.—Find the L.C.M. of 14, 24, and 80. 

Resolve into factors— 


14: = 9 ag 
24 = 23x 3 
80=2x8x5 


Bearing in mind our definitions, we can see by inspection that— 
The L.C.M. of 14, 24, and 30 must contain 23 


* a 14, 24, and 30 _,, ie a 
is - 14, 24, and 30 _,, a 5 
3 a 14, 24, and 30 ,, = 7 


- o 14, 24, and 30 _,, % BP 5) 5% 
Hence L.O.M. = 22x 8x 5x7 = 840 Ans. 


From the above we may deduce the following rule :— 


Lo find the L.OM. of two or more numbers. 


(a) Find the prime factors of the numbers. 

(6) Pick out all the different factors found in all the 
numbers. 

(c) Raise each factor to the highest power in which it is 
found in any of the numbers. 

(@) Multiply the factors found in (c) together. 

The product is the L.0.M. 


2. By the method of finding the G.C.M. 


Suppose we have to find the L.C.M. of 48 and 60. If we multiply 
48 by 60 we obtain a common measure (2880), but it is not the least 
common measure. If we divide by the G.C.M. (12) we remove from 
the product (2880) all the factors of the second number (60) which 
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are contained in the first number (48), and the result (240) is the 
L.C.M. Instead of dividing the product by the G.C.M. we may 
divide one of the numbers by the G.C.M., and multiply the other 
number by the quotient thus obtained. Hence the following rule :— 


To find the L.C.M. of two numbers. 


Divide one of the numbers by their G.C.M., and multiply 
the quotient by the other number. 


Example.—Find the L.C.M. of 144 and 320. 


G.C.M. = 16 
L.C.M. = 144 x 820 =9 x 320 = 2880 Ans. ° 


So far, the above method is applicable to two numbers only. To 
find the L.C.M. of three or more numbers by this method we might 
find the L.C.M. of any two, then the L.C.M. of the L.C.M. just 
obtained and the third number, and so on, till all the numbers are 
exhausted. In practice, however, the L.C.M. is generally found— 


3. By the method of division by Prime Factors. 


(a) Set down the given numbers side by side, separating them by 
commas; (b) divide by any prime number which will exactly divide 
two at least of the numbers; (c) set down side by side the quotients 
and the numbers not exactly divisible by the divisor; (d) proceed as 
in (b) and (c) till all the numbers obtained are prime to one another ; 
(e) multiply together all these remaining numbers and all the divisors 
used. The product is the least common multiple of all the numbers. 


Note.— Any one of the numbers which is exactly contained in any other 
of the numbers may be omitted in finding the L.C.M. 


Example.— Find the L.C.M. of 8,10, 15, 16, 18, 20. 


8 and 10 may be struck out because 
they are contained in 16 and 20 (see 
Noteabove). Therefore, whatever is 
the L.C.M. of 15, 16, 18, 20 is also the 
L: CM. of 6p 102 67.16, 18, 20. 

Divide by 2 (see (b) above). Whatever 
is the L.C.M. of 2, 15, 8, 9, 10 is the 


2|% 10, 15, 16, 18, 20 
a 15526)09, 10 


tue keesso, 10 


L.C.Me of 810s1Gs 16, 18, 20. 

Divide by 3. Whatever is the L.C.M. 
of 2, 3, 5, 8, 3, 10 is the L.C.M. of 8, 
10, 15, 16, 18, 20. 

Strike out 5 because it is contained in 
10. Whatever is the L.C.M. of 2, 3, 
8, 3, 10 is also the L.C.M. of 8, 10, 
15, 16, 18, 20: 

Divide by 2. Whatever is the L.C.M. 
of 2,3, 2;4) oo woe L.O.M. of 8, 
10, 15, 16, 18, 20. 


But 2, 3, 2, 4, 3, 5 are primes (see (d) above), and so the L.C.M. will be 
the product of those primes (see (e) above). 
* L.G.M. of 8, 10, 15, 16,18, 20=2x3xK2xX4X3 x 5= 720 Ans. 


Cc 
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The Relationship of G.C.M. to L.C.M. 


On p. 53 we noticed that the L.C.M. could be determined by find- 
ing the product of the two numbers and dividing by their G.C.M. 
Putting this truth into equational form, we have— 


one number x other number 
L.C.M. ied MME NSE ae 
.. L.C.M. x G.C.M. = one number x other number — 


ie. the product of two numbers is equal to the product of the L.C.M. 

and G.C.M., a truth which the student will find of value in solving 

some problems connected with G.C.M. and L.U.M. P 
Rewriting our equation above in another form, we have— 


G.C.M. ne other number 
one number — L.C.M. 


Or, stating this in the form of a proportion, we get— 
G.C.M. : one number :: other number: L.C.M. 


The following proof of the above theorem will be of interest. To show 
that— 
L.C.M. x G.C.M. = product of the two numbers. 


Suppose x and y are the two numbers, and a their G.O0.M. 
Then f= ‘a x30 


y=axec 
andzy=axbxaxc 
=a xX bac 


But a is the G.C.M., and bac is the L.O.M. of a X 6, anda xc, ie. of x 
and y, 

5 .. the product of two numbers = L.C.M. x G.C.M. 

[* The G.C.M. and L.C.M. of fractions. 

The G.C.M. of several fractions is the greatest fraction which is 
contained in each of them an exact number of times. Thus zz is the 
G.C.M. of $ and 4, because it is the greatest fraction contained in each 
of them an exact number of times. 

The L.C.M. of several fractions is the least fraction or integer con- 
taining all of them an exact number of times. Thus 1 is the L.C.M. 
of $ and 4, because it is the least quantity containing both fractions 
an exact number of times. 


To find the G.C.M. of several fractions. 
Example.—Find the G.0.M. of 8, 3, oy. 
Bring them all to their least common denominator — 
100, 45, 54 
120 
The fraction ;4, is contained an integral number of times in them 


all, and is thus a measure of them all. If it is not ‘the greatest common 
measure, then some multiple of ;4, must be the G.C.M. 


* These sections on fractions may be omitted until after Chap. VI. has 
boen read. 
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The problem thus becomes: Have 100, 45, 54 any common measure 
greater than unity? No. Then ;35 is the G.C.M. Hence the 
following rule :— 


To find the G.C.M. of two or more fractions. 
(1) Express the quantities as fractions in their lowest 


terms. 

(2) Find the L.C.M. of the denominators for a new 
denominator. 

(3) And find the G.C.M. of the numerators for a new 
numerator. 


Or, more briefiy— 
The G.C.M. of several) _G.C.M. of numerators 
fractional quantities L.C.M. of denominators 


To find the L.C.M. of several fractions. 
Example.—Tind the L.C.M. of 3, 3, 3%- 


Find the least common numerator— 
45 45° 462 
549 120° 100 
Forty-five evidently contains all the fractions an integral number of | 
times. It is a multiple of the fractions. The question is: Is it the least 
common multiple? Expressing 45 as 45, we can see that the greater the 
value we can give to the denominator, the less will be the value of the 
whole fractions, 7.e. the more we shall approximate to the least common 
multiple of the fractions. And if we can find the greaéest value of the 
denominator, we shall have found the least common multiple of the 
fractions. But this greatest denominator must divide into 54, 120 and 
100 an integral number of times, 7.e. it must be the G.C.M. of these 
numbers. The G.C.M. of 54, 120 and 100 is 2. 
Therefore the L.C.M. of the fractions is 42 = 223. 


Hence the following rule :— 


To find the L.C.M. of several fractions. 


(1) Express the quantities as simple fractions in their 
lowest terms. 
(2) Find the L.C.M. of the numerators for a new 


numerator. 
(3) And the G.C.M. of the denominators for a new 


denominator. 
Or, more briefly— 
The L.C.M. of ea _ L.C.M. of the numerators 
fractional quantities { G@.C.M. of the denominators} 


Types of problems in L.C.M. 


Example.— What is the smallest nwmber which, when divided by 
16, 24, 30, and 82, leaves a remainder of 52? (c.w.) 
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The smallest number which, when divided by 16, 24, 30, and 32, 
leaves no remainder is the L.C.M. of those numbers, which is 480. 
.. the smallest number which leaves a remainder of 5 is— 


430 +5=485 Ans. 


Example.—Find the least number of days in which an exact 


number of half-guineas can be earned, a day’s wage being 2s. 11d. 
(L.M.) 


The L.C.M. of 10s. 6d. and 2s. 1id.=L.C0.M. of 126d. and 35d. = 630d. 


Number of days in which 630d. Raye e ay 
can be earned at 35d. per aS = §29 = 18 days. Ans. 


Example.— The 1.0... of two numbers ts 3060288, and their 
G.C.M. is 168. One of them is 12096. Find the other. (c.s.) 


G.C.M. x L.0.M. = one number x the other number 
168 x 38060288 = 12096 x the other number 
42504 


Toe = the other nee 


42504 = the other number, Ans. 


Example.— Three men start together from the same point, and 
walk continually in the same direction round a circle 2 of a mile 
im circumference in 10, 18, 90 minutes respectively. Find the least 


tume in which they will be together, and the number. of miles each 
travels. (C.S.) 


First man in 10 min. walks 3 mile 
then pou sk. » #X 6 miles = 41 miles 


second manin18 ,, »  * mile, 
then bp ee OO a Q Sng = 21 miles 
4 id Ke 2 
third man in 90_,, » #mile 


3 x 60 


then 9 99 60 » 99 4x 90 == 3 mile 


First man gains on the third at the rate of 4 miles in 60 min. 


ee OOrces : 
then ,, Ri 3 » ‘¢mile in aya 114 min. 
first i » second at the rate of 2 miles in 60 min. 
Bie) oy) ye ON) oes : 
then ,, ‘5 ¥ » ‘mile in 5 ae 224 min. 


The least time in which they will be together is the L.C.M. of 113 
and 224 = 221 min. 
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; ‘ 3X 224 ohare. 
Distance first man goes in 224 min. = a0. = 11} wniles 
‘ 8 x 221 Fives 
second ,, »» 22¢ min. = Tas = 14 mile 
; ; 8 x 222 P 
33 third 39 9° 224 min. = ane = is 9 


Least time = 224 min 

First man travels 144 miles 
second ,, eee 3) 
third sar eee 


| Ans 


THEORY. 


1. Define the term multiple. (c.J. and c.w.) 

2. What is a sub-multiple ? Give the sub-multiples of 24. 

3. Define the following terms: A common multiple; the least 
common multiple. Account for the use of the article in each case. 
How does a multiple differ from a measure ? 

4. What is the effect upon the sum, difference, product, quotient, 
G.C.M., and L.C.M. of two numbers of multiplying each by 5? (8.4.) 

5. fixplain the method by which the L.C.M. of numbers is found. 

(C.W.) 

6. Prove that the L.0.M. of two numbers is the product of the 
numbers divided by their G.C.M. (u.m. and ¢.s.) 

7. Is the G.C.M. of two numbers always a factor of the L.C.M. ? 
Give reasons for your answer. (K.S.) 

8. State the arithmetical rule for finding the L.C.M. of three or 
more numbers. (P.E.A.) 

9. Prove that the G.C.M. of two numbers is the L.C.M. of all their 
common measures. (C.S.L.) 

10. What do you mean by the G.C.M. and the L.C.M. of two 
numbers? Show from your definition that the product of the two 
numbers 72 and 99 is the product of their L.C.M. into their G.C.M. 

(P.P.) 

11. “The least common multiple of two numbers is the quotient of 
their product divided by their greatest common measure.”’ Hxplain 
this as fully as you can. Is it possible to extend this proposition to 
three or more numbers? Give your reasons. (P.1.A.) 

12. Given a series of fractions all in their lowest terms, show that 
their G.C.M. is the fraction whose numerator is the G.C.M. of their 
numerators, and whose denominator is the L.C.M. of their denominators. 
Show also that their G.C.M. will be a fraction in its lowest terms. (C.S.) 

13. I have to find the L.C.M. of 28, 9,10, 12, and the L.C.M. of 
98, 9,12. In each case I take 4 as a divisor. I write down 7, 9, 10, 
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3, and 7, 9, 3. TIT strike out 8, and declare the L:.0.M.’s to be 
4xX7x9x 10 (or 2520) and 4x79 (or 252). How is it that the 
results are not both right ? Explain fully. (P.T.) 


14. Show that the least integer which contains two or more fractions 
an exact number of times is the L.0.M. of their numerators, (C.M.) 


15. Give the rules for finding the L.C.M. and the G.C.M. of 
fractions. (R.M.A.) 


EXERCISE V. 
Least Common Muurtiere. 


1, Find the L.C.M. of (a) 3127, 3551, and 3953 (C.S.L.); (b) 156, 168, 
208, and 432 (L.m.) ; (c) 2059 and 4189 (C.H.L.) ; (d) 1517, 1739, and 1927 
C.H.L.); (e) 1404, 3042, and 668 (L.M.); (f) the first ten numbers ; 
tc the first twelve odd numbers; (2) the even numbers from two to 
twenty. 


2. Find the smallest number of which 8, 12, 22, and 25 are divisors. 
3. Split 135, 126, 432, 255, and 1207 into their prime factors; and 
hence find their L.C.M. (Pi7.) 


4. Resolve 11466 and 10725 into their prime factors; and thence 
find their L.C.M., which need not be mulivplied out. (c.P.) 

5. Find the prime factors of 2652, 4147, and 5742; and write down 
their L.C.M. (c.s.z.) 

6. Find the prime factors of 1066, 1815, and 1896; and hence write 
down the factors of their L.C.M. (C.P.) 

7. Find the three numbers between 2500 and 3000 which are divisible 
by all the numbers 21, 24, and 28. (c.3.) 

8. Find a number between 300000 and 310000 which is exactly 
divisible both by 79 and by 97. (C.S.L.) 


9. What is the lowest number, which, when divided separately by 
15, 20, 48, and 36, will in each case leave 9 as a, remainder? (¢.w.) 


10. Find the least number greater than 6 which leaves the same 
remainder 6 when divided by 15, 35, or 42. (C.w.) 


11. Find the G.C.M. of 1 hr. 7 min, 47 sec., and 7 hrs. 32 sec. (K.8.) 


12. Find the smallest length which is an exact multiple of 6 yds. 
5 in., 6'yds. 2 ft. 7 in., and 8 yds. 2 ft. 11 in. (c.w.) 


13. What is the smallest sum of money which will exactly contain 
each of the following sums: das. op., Tas. 1lp., Tas. Tp., and Yas. 
Aap. ? 


14. Determine the smallest sum of money out of which a number 
of men, women, or children respectively may receive £1 7s. 6d., 18s. 9d , 
or 8s. 8d. each. (c.P.) 


15. What is the smallest sum of money which contains an exact 
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number of rupees of the value of 1s. 33d. each, and of dollars of the 
value of 4s. 1}d. each? (c.P.) 


16. Find the least sum of money payable in pounds or guineas. 


17. Find the smallest number greater than 5, which, when divided 
by each of the numbers 121, 145, and 319, has 5 as a remainder. 


18. What is the least number, which, when divided by 12, 20, 30, or 
54, leaves a remainder of 4? 


19. What is the least number which leaves 4 as a remainder when 
divided by 9, 99, 999, or 9999? (c.S.) 


20. Four men can walk 105, 112, 126, and 168 miles in a week 
respectively. What is the least distance they can all walk in an exact 
number of weeks? (K8.) 


21. Two men step off together from the same spot, each walking 
4 miles an hour; but one takes steps 2 ft. 10 in. long, and the other 
2 {t.8in. When, and at what distance from the starting point, will 
they first again both step out together? How many more steps does 
one take than the other in 17 minutes? (C.P.) 


22. In walking, A covers 8 ft. at each step, and B covers 2) ft. If 
both start together, and keep step until A has walked a mile, how far 
behind will B be, and if they keep abreast, how often will they be in 
step ina mile? (C.M.) 


23. On a rock are three revolving lights: one revolves in 2 min. 
12 sec., another in 3 min. 7 sec., the third in 8 min. 24 sec. I saw them 
all bright at midnight. When will they next be so? (K.S.) 


24. Two cogged wheels work together, there being 82 cogs on one 
and 36 on the other; the larger wheel makes 64 revolutions per second. 
How often will the same cogs come in contact during 6 working days of 
10 hours each? (C.8.) 


25. Six bells are tolling, and they toll at intervals of 3, 5, 7, 8, 9, 
and 10 seconds respectively. What interval will elapse between their 
once tolling together and tolling together again? (0.R.) 


26. There are four bells, each of which strikes respectively at 
intervals of 3, 7,12, and 14 seconds. The four begin to strike at twelve 
o’clock. When will they next strike together, and how often will they 
strike in unison in 7 minutes? (C.P.) 


27. If four clocks tick at one instant all together, how leng will it 
be before they tick together again, their rates of ticking being respec- 
tively twice in a second, three times in two seconds, five times in two 
seconds, and four times in three seconds ? (C.H.L.) 


28. Hight bells, which toll at intervals of J, 2, 8, 4, 5, 6, 7, and 
8 seconds respectively, begin tolling all simultaneously with the clock 
striking; how many hours must elapse before they all toll simulta- 
neously again with the clock striking? The clock is supposed to strike 
at the hour only. (R.M.A.) 


29. Three bells toll at intervals of 12, 15, and 28 seconds respectively. 
A person at a distance from them can hear their sound only when two 
at least toll at the same time. If they begin together, how many times 
will he hear their sound in 7 minutes ? 
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30. The fore wheel of a carriage is 4 ft. 4 in. round, and the hind 
wheel 7 ft. 7 in. round. How far must the carriage travel before each 
wheel shall have made a number of complete turns and have the same 
point downwards in each as at starting? How often will this happen 
in one mile ? 


31. Find in grains the least weight that can be expressed by an 
exact number of ounces in both troy and avoirdupois weight. 


Motion round Circles. 


32. The periods of three planets which move uniformly in circular 
orbits round the sun are respectively 200, 250, and 300 days. Supposing 
that their positions relative to one another and to the sun be given at 
any given moment, determine how many days must elapse before they 
have again exactly the same relative positions. (c.s. and x.M.) 


33. Five horses start together and continue running round a cir- 
cular course which is two miles in circumference. If they run re- 
spectively 18, 16, 15, 12, and 10 miles per hour, how soon will they be 
again together at the starting place? (c.s.) 


34, Three men walk round a circular path 2640 yds. in circum- 
ference at the rate of 132 yds., 120 yds., and 110 yds. per minute 
respectively. If they start together, when will they be together again ? 

(C.s.) 


35. Three riders pass a given point on a circular track at the same 
instant, with velocities 10, 12, and 15 miles per hour respectively. How 
long, from that instant, must they continue to move round the track 
with those velocities before they next pass the same point abreast (the 
distance round the track for each rider being 704 yds.)? (c.P.) 


36. A, B, and C start from the same place’ to go round an island. 
A makes the circuit in 3 of a day, Bin § of a day, and OC in of a day. 
How many circuits will each make before they are all together at the 
starting point? (R.U.1.) : 

37. A and B start together from the same point on a circular path, 
and walk in the same direction till they both again arrive together at 
the starting point. If A performs a circuit in 224 sec., and B in 364 
sec., how many times will A have passed B? (c.s.) 


38. A circular running path is 553 yds. round. Twomen start back 
to back to run round, one running at the rate of 9} miles, and the other 
at the rate of 10{ miles per hour. When and where will they meet for 
the first time? (c.w.) 


39. Two men start together at the same instant and in the same 
direction along a circular path, whose circumference is one-third of a 
mile. One walks at the rate of 5 miles an hour, the other runs at the 
rate of 13 miles an hour. How soon will the runner overtake the 
walker for the first time ? Would the walker win his wager or not, if 
he has undertaken to walk 7 rounds before the runner completes 18 
rounds? (C.H.L.) 


40. A and B start from the same point to run in opposite directions 
round a circular racecourse 4324 ft. in circumference. A not starting 
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till B has run 716 ft. They pass each other when A has run 1927 ft. 
Which will come first to the starting point, and what distance will they 
then be apart? (C.M.) 


41. Two men run round a circle one mile in circumference; one 
runs at the rate of 220 yds., and the other at the rate of 176 yds. per 
minute. If they both start from the same point at the same time and 
run in the same direction, when will they first be together again at the 
starting point ? 

42. A and B start from the same point to run in opposite directions 
round a circular racecourse 9755 ft. in circumference, A not starting 
until B has run 105 ft. They pass each other when A has run 4850 ft. 
Which will first come round again to the starting point (their speeds 
being uniform throughout), and what distance will they then be apart? 

(R.M.A.) 


43. Two bicyclists, X and Y, started at the same instant, and 
rode at uniform rates round a circular track the same way, and X 
gave Y a start of halfway round the track. When X reached Y’s 
starting place for the second time, Y had 33 yds. to go to reach X’s 
starting place for the second time, and X got level with Y just as Y 
completed his tenth round of the track. X rode at 173 miles per 
hour: how long did it take him to catch Y? (c.P.) 


44. Suppose two bicyclists, A and B, to traverse in opposite direc- 
tions the rim of a circle, the circumference of which measures 15 
miles, A at the rate of 11, B at the rate of 13 miles an hour: (a) At 
what distances from their common starting point will they first meet? 
(b) If they continue, where and when will they next meet? (c) When 
will they together reach their original starting point, and what dis- 
tance will each then have altogether travelled? (c.P.) 


45. Three bicyclists, A, B, andC, ride at the rate of 639, 615, and 
603 yds. per minute respectively. If they start together in the same 
direction round a circular track a quarter of a mile in circumference, 
find how long after the start and at what part of the track they will 
next be all together, and how often A will have passed C in the mean 
time. (C.S.) 


EXERCISE VI. 
G.C.M. anp L.C.M. or FRACTIONAL QUANTITIES. 


[These examples may be left until after Chapters VI.-VIII. have 
been read. | 


1. Find the G.C.M. of 54 and 84. 

2, Find the L.C.M. of 6-4, 7:2, and 4°8. (c.M.) 

3. What is the least integer that is a common multiple of 11%, 
221, and 1),? (R.M.A.) 

4, Find the G.C.M. of 3 in., ? in., and‘ in.; find also the smallest 
length which is a multiple of all three of them. (c.w.), 


C2 
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5. Two persons take steps of 2°21 and 1:95 ft.; if they start in 
step, how far will they walk before they are in step again? (C.Ww.) 


6. Two friends start in step, and walk side by side, but each step 
of the one is 213 ft., and of the other 2; ft. How far will they have 
walked before they are in step again? (Cc. w.) 


7. One pendulum oscillates in 3§ Of a second, and another in 76 of 
&@ second ; if started simultaneously, how often will they tick together 
in an hour? (c.m.) 


8. Four bells, which commence tolling together, toll at intervals 
of 1:2, 1°75, 1:8, and 2:1 sgec. respectively ; at what intervals will 
they toll together ? _(K.8.) 

9. Five bells begin to toll together, and toll respectively at intervals 
of 73, 74, 62, 63, and 54 sec.; what time will elapse before they all toll 
together again ? (C.w.) 

10. Three girls began skipping at exactly the same moment. They 


jump at intervals of 0°6, 0°75, and 0°8. sec. respectively. How long will 
it be before they again jump simultaneously ? (C.w.) 


11. A person possesses a certain number of sovereigns sufficient to 
give four persons 4, 3, 3, 2 of that number respectively without obtain- 
ing change for a single sovereign. What number has he? (C.S.M.) 


12. How often is each of the quantities 191, 195, and 21} contained 
in their L.C.M.? (r.m.a.) 


13. Express the G.C.M. of #, Pi st» $s @S the fraction of the L.C.M. 
of the same fractions. (R.m.A.) 


EXERCISE VII. 
MIScELLANEOUS—FACTORS, G.0.M., AND L.C.M. 


1. Find the L.C.M. of 5, 7, 16, 28, 48, and 76, and the G.G.M. of 
1288, 1736, and 104. ‘(o.R.) 


2. Find the G.O.M. of 2233, 2639, and 4147, and the L.C.M. of 1311, 
2346, and 3876. (c.s.1.) 


3. Find the G.C.M. of 12321 and 54345, and the L.0.M. of 12, 18, 
30, 48, and 60. (c.P.) 


4. Obtain the least perfect cube which is exactly divisible by 42, 
56, 154, 231, and 484. (Factorize the numbers.) (C.P.) 


5. Find the prime factors of 1287 and 2145 and their G.C.M. 
(highest common factor), and the L.C.M. of 7, 9, 14, 24, 27, and 54. 
(C.P.) 
6. Resolve into prime factors the numbers 112860 and 862125, and 
hence find their G.C.M. and L.C.M. (C.H.L.) 


7. Find the G.C.M. and the L.0.M. of 7560, 27720, and 108108. 
(B.M.A.) 
8. Find the greatest number which will exactly divide both 867502 
and 1000369 ; find also the smallest number which is exactly divisible 
by both the numbers. (z.m.) 
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9. Find the greatest and least numbers of six digits which are 
exactly divisible by 789. (C.S.L.) 


10. How many numbers greater than 100 and less than 1000 are 
divisible by 5; and what is the sum of these numbers? (L.M.) 


11. Find the G.C.M. and the L.C.M. of 936 and 2925. (c.PR.) 


12. Find the G.C.M. of 114185 and 213052, and the L.C.M. of 
4, 14, 21, 27, 33. (0.B.) 

13. Find the G.C.M. of 27781 and 23507, and show that no other 
number can be their G.C.M. (¢.s.) 


14. Find the G.C.M. and L.C.M. of 18 x 15 x 17, 15 x 17 x 19, 
Paes x18." (C.P.) 


15. Find the G.C.M. and L.C.M. of 157 days 7 hrs. 4 min. 7 sec. 
and 243 days 2 hrs. 11 min. 49 sec. (C.8.) 


16. In how many ways can a piece of string 12 in. long be cut, 
so that each piece may be of the same size, and contain a whole 
number of inches? (P.T.) 


17. Express 364, 2520, and 5445 as products of powers of prime 
numbers. 

18. Find the largest number that will divide both 123 and 147 
without a remainder, and also find the smallest number which can 
be divided exactly by each of the above two numbers. (P.7.) 


19. Find the least sum of money which contains 14s., 32s. 8d., 
and 21s. each an exact number of times. Find also the G.C.M. of 
these three sums. (L.M.) 


20. Divide 1904 into two parts, so that the G.C.M. of the parts 
is 28, and the L.C.M. 32340. (0.8.1.) 


21. If the H.C.F. of two numbers, one of which lies between 2000 
and 2500, be 51, and the L.C.M. be 148461, find the numbers. (c.P.) 


22. What is the least length which is a multiple of 11 ft., 14 ft. 
8 in., and 16 ft. 6 in., the lengths of 3 bars of iron; also what is the 
least number of bars of the same length into which the 3 bars can 
be divided? (c.P.) 

23. Find the three largest numbers such that their G.C.M. is 11, 
and their .C.M. is 5005. (8.A.) 


94. The driving-wheels of a locomotive are 7 ft. 8 in. in diameter, 
the small wheels 3 ft. 8 in. in diameter, and one spoke in each wheel 
is painted red. At the start all the painted spokes are upright and 
above the axle: how many more times in the first 5 miles will they 
all be upright and above the axle at the same instant. The circum- 
ference of a wheel is to be taken as # of its diameter. (C.J.) 


25. The circumference of the front wheel of a bicycle is 28 in., 
and of the back wheel 26 in. How far must the bicycle go before 
both wheels complete revolutions together? (c.PR.) 


26. Find the G.C.M. of 4081, 7007, and 7392 by expressing them 
in their prime factors. 


2.7. What is the least sum of money I could pay with half-crowns 
or florins or shillings or threepences ? 
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28. A sum of £43 15s. is to be divided among 112 persons in such 
a way that some are to receive 8s. 9d. each and the rest 6s. 13d. each. 
How many are to receive the larger sum ? (S.A.) 


29. A gardener was handed a number of shrubs to plant in rows; 
he tried 10 in each row, then 12 in each, afterwards 15 in each row, 
but had always 9 plants left. On trying 13 in each he had none left. 
What is the smallest number of shrubs which could have been given 
him?) (c:s.) 

30. A sum of £10000 is to be divided between several claimants 
so that some are to receive £80 12s. 10d., and the others £80 12s. 11d. 
each. How many persons will receive each of these amounts? (S.L.C.) 


31. Two fields, measuring respectively 24 and 28 ac., have to be 
divided into equal-sized plots as large as possible. Find the number 
of plots. 


32. Find the least weight in pounds avoirdupois that can be ex- 
pressed as a whole number of seers (a) in Imperial and Bombay weights, 
(0) in Imperial and Madras weights, (c) in Imperial, Bombay and 
Madras weights. Give also the number of seers in each case. 


33. Determine the circumferences of the different wheels which 
satisfy the following conditions: The circumference of each wheel 
must be an exact number of feet, not greater than 18, and each wheel 
must make an exact number of revolutions in travelling 13 mi. (c.P.) 


34. Find the number between 30000 and 31000 which is exactly 
divisible by both 79 and 97. (p.7.) 


35. Obtain the prime factors of 2431; also all the sums of money 
of which £2 10s. 73d. is a multiple, and add together those sums 
that are less than 4s. (c.P.) 


38. Find the least weight in avoirdupois weight which contains 
an exact number of pounds troy, or of pounds avoirdupois. (c.s.) 


37. In any year that is not leap year show that the same day of 
the month in January and October will fall on the same day of the 
week. (C.s.) 


38. Find two numbers having 1188 as an L.O.M. and 9 as a 
G.C.M. (Pp.p.) 


39. A heap of pebbles can be exactly made up into groups of 55; 
but when made up into groups of 18, 27, and 30 there is always a 
remainder of 10. Find the least number of pebbles in the heap. 


40. The population of a parish exceeds 3000 and is less than 4000. 
Whether the people are arranged in groups of 8, of 9, of 15, of 18, 
or of 25, 7 always remain over. Find the exact population, 


41. Four numbers have one factor in common, and there is no 
other factor which is common to any two of them. Their product 
is 65975910, and their least common multiple 30030. What is their 
common factor? (c.s.) 


42. If the H.C.F. of two numbers is 7, and the L.C.M. is 420, 
find two numbers that satisfy the conditions, and show that there are 
three other pairs of numbers that satisfy them. (c.P.) 
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43. The G.C.M. of two numbers is 13, and the L.C.M. is 819. 
Find the product of the two numbers, and explain how the result is 
obtained. (K.8.) 

44. Obtain the L.C0.M. of 16, 18, 21, 33, and 42, and the greatest 
number of six digits, which, when divided by any one of those num- 
bers, will leave a remainder of 13. (C.P.) 


A5. £1 15s. 9d. is divided into equal portions, and then £28 18s. 6d. 
is divided into portions of just the same value. In how many ways 
can this be done, using no coin less than a penny? 


46. If the product of two numbers is 2416700, and their G.C.M. 
is 65, what is their L.C.M.? (S.a.) | 

47. What numbers of 4 digits each can have 119 as their G.C.M. 
and 13923 as their L.C.M.? (C.8.L.) 

48. A circular race-path is 1078 yds. round. Two men start, back 
to back, to run round it; the one runs at the rate of 12 mi., and the 
other 123 mi.an hour. When and where will they first meet? (P.7.) 


49. Three numbers, A, B, and G, have a common prime factor ; 
also 2 ig a common factor of A and B, 3 of Band O, and 7 of C and 
A. There is no other factor common to any two of the three num- 
bers. The L.C.M. of A, B, and C is 903210, and their continued pro- 
duct 20067519780. Find the common prime factor, and write down 
one set of values of A, B, and C. (c.P.) 


50. The first of a series of cogged wheels, working into each other 
in a straight line, has a certain number of teeth; the number of 
teeth in the second is to that of the first as 6:7; of the third to the 
second as 5:6; and of the fourth to the second as 2:3. If the 
wheels are set in motion, how many revolutions must each wheel make 
before they are simultaneously in their original positions? (R.M.A.) 


CHAPTER VI. 
VULGAR FRACTIONS, 


A Fraction is a quantity which consists of one or more equal 
parts of a unit or whole. 


“Fraction ” is derived from the Lat. Jrango, fractum,I break. The word 
thus refers to the breaking up of the unit into a number of parts, which it 
should be observed must be equal parts. 

Because the whole line AD is divided into three 


Bis equal parts, we say that AB is one-third of the 
A |—-|——|——|D_ whole line. But insomuch ag the line EH is broken 
up into three unequal parts, we cannot say that EF 

E|—|---+|=-| Bitor FG) or GH is one-third of theachals KH. 


The fraction 2 denotes two things :— | 

1. That the unit is divided into four equal parts. 

2. That three of those equal parts are taken. 

Thus a fraction has two distinct terms -— 

1. The Denominator, which shows into how many equal 
parts the unit is divided. 

2. The Numerator, which shows how many of those 
equal parts have been counted or taken to form the fraction. 

The denominator (Lat. nominare, to name) gives its name to the fraction. 

In the fraction three-fifths (2), the word “ fifths” describes or names the 
“three” just as the word “hats” describes or names “three”? in the 
expression ‘‘ three hats.” 


The numerator (Lat. numerare, to count) is the strictly numerical part of 
a fraction. The numerator is a number, whereas the denominator is a name. 


Numerator _ Number of parts to be taken 
Denominator Name of the parts into which the whole is divided 


A fraction may be regarded as expressing the division of the 
numerator by the denominator. Thus the fraction # may be viewed 
as representing that the number “three” is to be divided into four 
equal parts. 


Kinds of Fractions.—The several varieties of fractions may be 
distinguished by formulating some basis of classification. 
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I. Fractions classified according to the nature of their denominators. 
1. Vulgar fractions.—Those with a denominator which is not a 
power of 10, as 3, 4, 3. 

2. Decimal Fractions.—Those with a denominator which is a 
power of 10, as 34, 780 1b0- 

The above distinction is seldom observed. 

Generally such quantities as +4, 735, are termed vulgar fractions, and the 
term decimal fraction is reserved for such expressions as 0°26, ete. It would 
be perhaps better to view such expressions as part of our ordinary system 
of notation, and to call them simply decimals. (See Chap. VIII.) 

Note that 10 is a@ power of ten—the first power. 

Vulgar means usual, ordinary, or common. 

Decimal means pertaining to tens or tenths. 


Il. Fractions classified according to the relative value of their terms 
(i.e. of their numerators and denominators). 

1. Proper Fractions—Those in which the numerator is less than 
the denominator, as 3, +7. 

2. Improper Fractions.—Those ix. which the numerator is equal to 
or greater than the denominator, as 3, 3, T4- 


Such guantities are really not fractions at all; hence their name. 


Ill. Fractions classified according as their terms are simple whole 
numbers or fractional whole numbers. 
1. Simple Fractions.—Those in which both terms are simple whole 
numbers, as 8, +4. 
2. Complea Fractions.—Those in which one or both terms are 
3 3 
5. 5 
fractional numbers, as BY 9 BY 


The term Compound Fraction must be distinguished from the term 
Complex Fraction, A compound fraction is a fraction of a fraction, ¢.g. ¢ 
of 4. 

‘The term Fraction may be contrasted with the term Integer. 

If a quantity consists of a whole number and a fraction, it is called 
a Mixed Number, e.g. 43. 

Note that 45 means 4 + §, not 4 X }: a point sometimes lost sight of in 
solving complex fractions. 


Reduction of Fractions. 

Investigations on the effects produced by altering the numerator or 
denominator of a fraction lead to some important results, which may 
be represented thus: 


Effect on value of 


Examples. Denominator. Numerator. eehile traction: 

457 | Increased Increased 
| Constant 

Canes | Decreased Decreased 
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more 


Increasing 
less 


Decreasing 


: increasin 
named by the denominator, and thus must mean{ Reatiag \ the 


\the numerator means taking \of the equal parts 


value of the fraction. 
rH Ora eee OST ot A ar gee OR Seen 


Examples. Numerator. DenionsinBla eae ieriois trection. 
2; 3; 4% Constant Increased - Decreased 

2; 2; 2 Constant Decreased Increased 
Increasing \ : decreasing : 

‘i the denominator means . : the magnitude 
Decreasing pet increasing f © enitud 


of each of the equal parts into which the whole is divided, and 


aoe the value of the fraction. 
increasing 


From the above we can draw the following important deduction :— 
The value of a fraction is not altered by 


consequently { 


marca ; 
{ dividing Numerator and Denominator by the 
same number. 
multiplying : fincrease } 
{ dividing 2 the numerator by a given me, Bs \ decrease 
the fraction a certain number of times, but by peeing the 


decrease : 
meee the fraction the 


same number of times. Hence the value of the fraction is unaltered. 


denominator by the same number, we { 


Examples.— 
BO KIL 
ee Xo aes 
Be Oe ahaa 
oy 10 ae 


Cancelling.—The division of both numerator and denominator by 
a common factor is called cancelling. 

The above examples deal with the effect produced by multiplying 
or dividing numerator and denominator by the same number. The 
effects produced by adding equal quantities to, or subtracting equal 
quantities from, numerator and denominator might be noticed. 

Effects of Addition—Take 2: add unity both to numerator and 
denominator, and we obtain #, which is greater than %. If to 2 we 
add 100 to both parts we get 482, which is again greater than &. 
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In adding 100 to the denominator, we diminished by over 33 times the 
value of the parts into which the whole is divided. In adding 100 to the 
numerator we increased the number of parts taken by over 50 times. 
Hence we have— 


an increase of over 50 times \ and a consequent increase in the 
a decrease of over 33 times value of the whole fraction 

Effects of Subtraction.—By taking 493 and subtracting 100 from 
numerator and denominator we obtain 3, a decrease in the value of the 
fraction. 

Reduction to a Common Denominator. 

If we wish to add 17s. to 17d. we first reduce the two quantities to 
the same name, 7.e. to a common denominator. Similarly, if we wish 
to add 3 and } we must reduce them to a common denominator. 

Lr Ot a. 
Baeeges it 


elo oe Wwe 
5 5 


3 
= ee ets: 
that ts = 15 
The two fractions have been reduced to equivalent fractions, having 
a common denominator 15. 


Least Common Denominator (L.C.D.).—A common 
denominator must be a multiple of the denominator of each 
of the fractions. If the common denominator is as small 
as possible, it must be the least common multiple of the de- 
nominators of the given fractions. 


Comparison of Fractions.—A series of fractions can be compared, 
i.e. the greatest and least can be pointed out or all the fractions may 
be arranged in order of magnitude— 

(a) By reducing the fractions to a common denominator, and then 
comparing their new numerators. 

(b) By reducing the fractions to a common numerator, and then 
comparing their new denominators. 

(c) By converting the numerators to unity, and then comparing 
the new denominators. 

Example.— Arrange in order of magnitude: 3, £5 Yo. sa 48 

Method (a).—By reduction to a common denominator. Reducing 
to a common denominator we have— 


180 100 3836 135 110 
480? 480° 4809 480? 480 


Arranging these in order of magnitude (beginning with the smallest)— 
100,110 135 180 356 
480? 480? 4809 480° 480 

and substituting the original fractions, we obtain— 


11 
i i & & wo An 

Method (b).—By reduction to a common numerator. [It is 
advisable that the least common numerator should be found, 7.e. the 


L.C.M. of the numerators, 3, 5, 7, 9, 11, which is 3465. ] 
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Reducing to the least common numerator, we have— 


3465 B46 3465 3465 _ BAG 
Go409 16030 4950? REPL Tei20 


Arranging these in order of magnitude (beginning with the smallest), 
we have— 


SAG 3465 38465 3465 3465 
16632) 15120 133209 Sedo 7523 
and substituting the original fractions, we obtain— 
Lp 1 3 as 
24) 48> 3p 3) 10. Ans. 


Method (c).— By conversion of the numerators to unity. 
To do this, we divide both numerator and denominator by the 
numerator. 


Arranging these in order of magnitude (beginning with the smallest), 
we have— 


1 
44° 48° 38 22’ TB 


and substituting— 
Bo. Lo een 
2f 48 82 8 ye aes. 


Order of Magnitude.—In the above examples the fractions are 
arranged so that each is /ess than the one that follows it, ¢.e. they are 
said to be in ascending order. Fractions are said to be in descending 
order when each is greater than the one that follows it. 


Addition and Subtraction of Vulgar Fractions.— 
In addition and subtraction of vulgar fractions it is— 

(1) Necessary to bring the fractions to a common denomi- 
nator—preferably the least common denominator. 

(2) Unnecessary to bring mixed numbers to improper 
fractions. 


If 113d. is to be added to 23d., we should not think of reducing the 


4 


quantities to farthings ; yet the reduction of mixed numbers to improper 


Example.— 

(33 +8§+U$=7438438414 a 4845439 
C. 72 + 165 + 220 + 228 

— 14 + ee 


— 
(o>) 
iH 
OHO 
| 
on 
= 
H 
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Frequently the working can be considerably shortened by manipulating 
the fractions in pairs— 


Ts +38 +3§8+Hg= M+ ett et he 
=14+ BF on a 
=16+ ~~ + # 

36 + 121 
AG 264 


= 1648, Ans. 

In subtraction it sometimes happens that the fractional part to be 
subtracted is greater than the fractional part of the mixed number 
from which it is to be taken. 

Example. 

117 — 148 

150 
150 + 117 — 148 
yo 150 


267 — 148 
et ae ip 


ms Alle Ans. 


Since the subtrahend 148 is greater than the minuend 117, we ‘‘ borrow” 
one whole number (i.e. 42%). The similarity of this process to that of 
“ borrowing ” in simple and compound subtraction will be evident. 

Note that there is no need whatever to reduce the mixed numbers to improper 


fractions. . 
Combined Addition and Subtraction —The method of dealing 
with a sum in combined addition and subtraction is best shown by an 


example. 


Example. 
5L — 26 — 3.8, + 12 -— 16} + 38yy + 83 


(a) Reducing the improper fraction to a mixed number— 
= 51 — 25 — 8,3, + 64 — 164 + 3qy + 8h 
(b) Separating whole numbers from fractions— 
=-5-2-34+6-164+3+8+}—$-ftte-ttats 
(c) Summing whole numbers and grouping fractions where possible— 
=22-M+h-h-otht te 
(d) Still further grouping fractions and bringing the groups teu 


1332 — 874 = 5 + 


10 
ee ww, Fe 
= 1 — 70 — veo 
ae <¢5 
= fey = 42 Ans. 


Note.—In actual working, most of the steps should be worked mentally. 
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Multiplication of Fractions. 

In multiplication of fractions two principles must be borne 
in mind— 

1. If the denominator of a fraction be constant, the greater 
the value of the numerator, the greater the value of the fraction 
(see p. 68). 

2. If the numerator of a fraction be constant, the greater 
the value of the denominator, the less the value of the fraction 
(see p. 68). 

We shall now apply these principles to the following — 


Example.— Multiply 2 by 4, 
Step 1.—To multiply 3 by 4. 2x eae ee oe a = 
The same result could be obtained by multiplying the numerator by 4, 


2x4 
thus 2x 4—“* 


multiply by 4, not by 4: hence we have used a multiplier which is 
5 times too large. Thus the product $ is 5 times too large. 
(Principle 1.) Consequently to obtain a correct answer we must 
divide our product by 5. 

Step 2.—To divide $ by 5. If we multiply the denominator by 5, 
we shall make the whole fraction one-fifth of its former value 
(Principle 2)— 


= §. But 4 is just five times #, and we had to 


fsWepeaga lps ge 
52 syne 


Combining the two operations— 


Hence— 


To find the product of two or more fractions, multyply the two 
or more numerators for a new numerator, and the two or more 
denommators for a new denominator. 


The meaning of the Multiplication Sign in Multiplication of 
Fractions. 

The general idea of multiplication is that of encrease, but this holds 
good only in the case of multiplication by numbers greater than unity. 
In multiplication by unity the product is the same as the multiplicand, 
and in multiplication by a quantity less than unity the product is ess 
than the multiplicand, ividently an extended meaning must be 
given to multiplication where fractions are concerned. 

Lxplanation 1—As the multiplier represents only a part of a unit, 
the multiplication of a quantity by it means that we take the multi- 
plicand that number of parts of times represented by the multiplier. 

Objection.—The expression 3 X 1 means, according to the above, that 2is 
to be taken half a time. We can take 2 once, or any whole number of 


times more than once, but we cannot take it less than once. We must take 
it once or leave it altogether ; we cannot half take it and half leave it. 
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Explanation 2.—The ordinary conception of multiplication applies 
only to the case of an integral multiplier. ‘‘ Multiplication” by a 
fraction includes division as well as multiplication. The multiplication 
of 3 by 4 is equivalent to dividing 2 into two equal parts. Similarly 
the multiplication of 3 by # is equivalent to dividing 2 by 5, and then 
multiplying by 4. 

A quantity “multiplied” in this way is consequently decreased 
when the multiplier is a proper fraction. It is increased only when 
the multiplier is an dmproper fraction, and improper fractions are 
really not fractions at all (p. 67). 


Division of Fractions. 
Example.—§ + #. 
Divide & by 8, «.c. divide § into 3 equal parts (such that the sum of 


those three equal parts shall be equal to 3). Applying Principle 2, 
p. 72, we get— 


which is correct for— 


ig Tear eon 
Sthktd =ti=3 


But 3 is just 7 times greater than ?; hence in taking 3 as a divisor 
we have taken a divisor which is 7 times too large. 

Hence the result (;5;) obtained above is too small, and since the 
divisor was 7 times too large the result (;) must be just 7 times too 
small. 

To make the result 7 times larger, we must multiply by 7 
(Principle 1, p. 72)— 

oj xX T= 88 =144 Ans. 

Reviewing what has been done, we see that 3 has been multiplied 
by 7 and divided by 3. 

Therefore § +3 =%8x $= 33 =145 Ans. 


Hence the following rule :— 


To divide one fraction by another, invert the divisor and 
proceed as in multiplication. 


The Meaning of the Division Sign in Division of Fractions. 

The quotient 144 obtained above is greater than the dividend 8. 
Division has hitherto been connected with decrease, but when the 
divisor is unity the quotient is neither more nor less than the dividend, 
and when the divisor is less than unity, the quotient is greater than 
the dividend. 

Hitherto we have attached two meanings to an ordinary division 
(e.g. 12 + 4), viz.— 

(1) How many times is 4 contained in 12? 

(2) Distribute 12 into 4 equal parts. 
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But, applying meaning (1) to such an expression as } + 4, since 3 
is larger than 4, it cannot be contained in it. 

And, applying meaning (2) to the same expression, we find that 
+ cannot be distributed into # equal parts. 

The question now arises: What meaning can we attach to division 
that shall be applicable both to fractions and integers? We know that 
the following is always true :— 


Divisor x quotient = dividend 


Hence the interpretation we can give to such an expression as 
12 + 4, and also to such an expressioa as 4 + 3, is— 
By what quantity must we multiply 4 (or 2) in order to produce 12 


(or })? 


ConcRETE AND DIAGRAMMATIC REPRESENTATIONS OF SOME OF THE 
PRINCIPLES INVOLVED IN THE SOLUTION OF VULGAR FRACTIONS. 


To change an Improper Fraction into a Mixed Number. 


Example.—Convert +4 into a mixed number. 

I. By cubes.—The unit is divided into 5 equal parts, and 18 such 
parts are taken to form the fraction. Obviously there is more than 
one unit in the fraction. 


,__\ DS 
2 ([3]4[s}ilztsielsfile}s] Vi fels|e[s, 


A unit contains 5 equal cubes or parts. Take 13 such cubes and 
build up units from them. There are 2 units and 3 cubes left; de. 
2units and 3 of a unit, which may be expressed as 2 + 3, and ¢s 
expressed thus, 23. ix 

The converse method can be similarly demonstrated. 

Il. By diagram.—Draw a rectangle and divide it into 13 equal 
parts. 


.. AE = 28 units 
But AE = 18 parts, or 12 units 
A En 23 
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Addition and Subtraction of Fractions. 
Add % and #. Subtract 3 from 4. 


I. By cubes—Take 12 cubes of equal size and build these up into 
a unit. Divide these into 3 equal parts, as A, B, and OC. Then 


Fig. 1. Fig. 2. 
separate 2 of these parts as in Vig. 2. There are now 2 parts out of 3 
or 8 parts out of 12; ¢.e. there are 3 or 75. 


Now take 12 similar cubes and divide them into 4 equal parts, as 
D, E, F, and G. Now separate 3 of these parts, as in Fig. 4. Three 


0 F G & F G 


Fig. 3. Fig. 4. 


parts out of the 4 have now been removed, or 9 parts out of 12; 
i.e. there are # or 33; 


Addition.—Count the cubes. There are 8 in one group and 9 in 
the other; or— 


8+9=1% 
ie $+ dst eat walt ea lh 


Subtraction.—There are 9 cubes in one and 8 cubes in the other 
group. 
Then }- 3=fy-ae= 18 
Il. By diagram.—Draw a line AB, and 
divide it into four equal parts. Draw AD 
at right angles to AB, and divide it into 
three equal parts of the same length as 
the parts in AB. Complete the parallelo- 
gram. 
Then AEFB = # or 38 
and KGCB = #or 4% 
Adding, we have 3+ #0r 84+ 5% = 15 
Subtracting, we have } — %, 
i.e. KGCB — ABFB=2-2= %- 8=% 


Multiplication of Fractions. 
To multiply a vulgar fraction by an integer. 
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9 


By diagram. Example.—% x 3. 


As the numerator will contain 15 units, 15 divisions will be 
required. 


AM to G K 


DN an eto H “ 


Let Fig. ABCD = unity, ¢.e. it will contain 7 divisions. 


Then AMND = + of a unit 
and AEFD = 5 x AMND = = of a unit 
also 8 x AEFD = 8 x ?=AKLD =}, 


To multiply a Vulgar Fraction by a Vulgar Fraction.—Take 8 of 2 
as an example. 


By diagram.—In constructing the figure, it should be noticed that 
the two denominators must be multiplied together to determine the 
number of little squares necessary, 7.c. they represent a rectangle 
6 by 4. 


Draw AB and divide it into 6 equal parts. Draw AD at right 
angles to AB and equal to 4 of these equal parts. Complete the 
rectangle ABCD. Through each of the points of division draw lines 
parallel to AB and AD. ‘Then let ABCD = unity. 


A K nike 8 Then AEFB = 4 of ABCD 
YYUYYVE and AELK : id rene 
LLG ae ‘nord 
eh a ee oe 


D C ‘of the whole, ie § x 2 = 15 


24° 

Lo prove that the multiplier and the multiplicand can be inter- 

changed without altering the product.—To show that multiplicand x 
multiplier = multiplier x multiplicand. 


Rivera foro] 
fe) 
Lear) 
AK lon 
5] 
rx 
ee) 


the figure re- 


quired. 
F But AEGH contains 15 


103 X3= 3 x 2 
The diagram (p. 77) is useful to show how the product of. two or 
more fractions may be smailer than either of the factors. 


This is otherwise a hard matter to grasp at first, as it is apparently 
contrary to all previous experience, 
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Let ABCD = the unit. 
Then AEFB = 3 of ABCD 
and AEGH = # of AEFB 
Hof of ABOD <3 a js i.) 


Again, let ABCD be the unit. 
Then ADKH = # of ABCD 
and AEGH = 3 of ADKH 
=ZofSof ABCD. . . ... . GL) 


6. 


2 


thea 
ee 


| 


Hence, comparing (i.) and (ii.), we see that { x 2 = 2 x 4, for both 
equal 56,; i.e. the multiplier and multiplicand can both be interchanged 
without altering the product. 


Harder Examples. — Show 
that 4(4—+) = sy by a diagram. 
(K.8.) 

Note.—As the denominator of 


the product is 24, that number of 
squares will be required. 


Let ABCD = unity = 34. 
Then each square = 4 
Now AEFD = 8 squares = #7 =3 


and AGHE = 6 squares = ty 
Then AEFD — AEHG = GDFH = 2 squares, and the 4 of 


a 


2 squares = 1 square (KHFL), .. }(AEFD — AEHG) = KHFL 
=k; ie Ub-1) = ae 
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Division of fractions. 
1. The case in which the divisor is less than the dividend. 
Example.—21 + 1. 
Dividend = 24 = 9 Divisor = 4 


_| | ial 


The dividend is represented by 9 squares, the divisor by 1, and a 
glance at the above figures makes it evident that the divisor must be 
repeated 9 times to make up the dividend. Hence the required 
quotient is 9. . 


2. The case in which the divisor is greater than the dividend. 
Example.—+} + 214. 
Dividend = + Divisor = 21 = 2 


a) 


The question is: How much of the divisor must be taken in 
order to equal the dividend? ‘The answer is evidently 3. Hence the 
quotient = +. 


THEORY. 
1. Define a fraction. 


2. Name the different kinds of vulgar fractions with which you are 
acquainted, and give an example of each kind. (c.P., c.w., and Per.) 


3. Define factor, numerator, denominator. Explain as clearly as 
you can why the value of a fraction is increased if its denominator is 
diminished, (c.w.s. and ¢.s.) 


4. How would you show that the numerator and denominator of a 
fraction can both be multiplied by the same number without altering 
the value of the fraction? (c.W., 0.M., 8.K., and ©.PR.) 


5. Assuming that if we multiply the numerator and denominator of 

a fraction by the same number we do not alter the value of the-fraction, 

show how you would apply this assumption to finding the sum of 2 and 4. 
(p.T. and C.8.) 
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6. If equal amounts be added to the numerator and the denomi. 
nator of a fraction, show whether the fraction is increased or diminished 
by the equal additions. (8.A.) 

7. Prove that if the numerator and denominator of a fraction be 


divided by the same number, the value of the fraction is not altered. 
(c.w.) 


8. State and explain the rule for adding fractions together whose 
denominators are different. (C.PR.) 


9. A boy, in answer to a question, says that 5+32=j). Explain 
clearly how you would try to convince him of his mistake. (c.w. and K.S8.) 


10. Prove the rule for the addition of fractions: e.g.3+ 4. (C.W.) 


11. Explain, by an example, the reason of the rule for multiplying 
one arithmetical fraction by another. (.M. and c.W.) 


12. Explain the enlarged meanings of the symbols x and + in 
2x%and3+% (cs., c.w., and C.M.) 

18. Explain why 2 of 2 equal 3, giving reasons for the steps taken in 
the simplification. (S.K.) 


14, What is meant by multiplication when the multiplier is (i.) 1, 
(ii.) 0, (iii.) a vulgar fraction? Can you give any meaning to multi- 
plication when the multiplier is a concrete quantity ? Tf so, what is it? 

(S.A.) 


15. Prove that, in order to multiply any multiplicand by a vulgar 
fraction, we may either first multiply by the numerator and then divide 
by the denominator, or else first divide by the denominator and then 
multiply by the numerator. Illustrate your dnswer by performing the 
multiplication of 33 (i.) by sf, (ii.) by ¥%, (iil.) by w1- (S.A.) 

16. State and prove the rule for the division of one fraction by 
another. (C.H.L., O.M., C.W., and K.8.) 

17. Show that division by 3 is equivalent to multiplication by 3, and 
division by § is equivalent to multiplication by 2. 

18. Divide 3 by 4, and explain the difference, ifany, between division 
by a fraction and division by an integer. (C.P.) 

19. Explain fully why ¢ multiplied by } gives the same result as 
8 divided by 2. (c.W.s.) 

20. In dividing a fraction by a whole number, show that we multiply 
the denominator or divide the numerator by that whole number. (¢.w.) 


21. Write out the rule for division of fractions, and explain why, in 
the division of % by }, the quotient is greater than the dividend. 
(p.T. and C.M.) 


22. Point out the error in the following answer: Quwestion.—Take 


j; from the sum of 3 and 4. Answer.—3+4=$+% =H -—b = =# 
£0, 


23. Write down two fractions, each equal to §, with complex 
numerators, and with 11 and 54 as denominators respectively. Show, 
taking §, #;, #{ a8 examples, that, if the sum of the numerators of any 
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fractions be taken for a new numerator, and the sum of the denomi- 
nators for a new denominator, the fraction so formed is intermediate 
in value between the greatest and least of the fractions chosen. (I.1.) 


24. Point out the unnecessary steps in (a) and (b) and the fault in 
(c), giving in each case a corrected edition— 
(@) BxXT=hX T= ih = 6. 
(o) 2x 13=2x B= we= 19. 
(0) {+§=8+3=8- 
Write the question to which the result given in (c) is an answer. (P..) 
25. How do the following pieces of work show a want of intelli- 
gence ? 


Go| 
ate 


= # + P+ 1 + 38 (L.C.M. = 306) 
35 x 18+ 10 x 844+ 108 x 9+ 35 x 384 


= 306 1 eee 


Work the second and third of these sums properly. (c.M.) 
26. Hixplain the meaning of 2 and §, and show that they are equal 
to one another. (c.J.) 


27. Explain how the fraction ,8, is unaltered in value by cancelling. 
; (C.W.s.) 


28. Show by means of a diagram or otherwise that the value of a 
fraction is not altered when its numerator and denominator are both 
multiplied by the same whole number. (P.#.A.) 


29. Show by a diagram that if the numerator and denominator of a 
fraction be both multiplied by the same number, the value of the 
fraction will not be altered. (P.7.) 

30. If the numerator and denominator of a fraction be multiplied 
or divided by the same number, the value of the fraction is not altered ; 
thus} = jt. Prove this by a diagram, taking a straight line as the unit 


of length. (C.P.) 


31. Makea diagram to show that +}—1= 7. (x.s.) 
32. Show by a diagram that} -}=}. (c.w.) 
33. Illustrate by a straight line that 3 of 1 = lof 5, and apply the 


principle to prove the processes in multiplication and division of ordi- 
nary fractions, working the following: { x §and#}+ 7. (R.U.1.) 

34. Show by a diagram thatiof 4= 4. Define what is meant by 
the fractions 2 and 12, and show by adiagram that 3 = 48. (K.8.) 


35. How are fractions compared? Show by a diagram that if the 
numerator and denominator of the fraction ? be each multiplied by 2, 
its value is not altered. (P.T.) 
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EXERCISE VIII. 
Preliminary Exercises in Vulgar Fractions. 
1. Reduce to its lowest terms 319§.  (P.E.A.) 
2. Reduce to the lowest terms 77%. (C.PR.) 


8. Reduce the following fractions to whole or mixed numbers : 7438, 
$27, 849. (C.P.) 
mG ene 

4, Explain two methods of finding which is the greatest of three 
given fractions, and use one of the methods in the case of the three 
fractions, %, +4, and 4. (c.P.) 


5. Reduce to a common denominator, and arrange in order of mag- 
nitude, the following fractions: #, H, 3, 4, and 32. (P.P.) 

6. Find the greatest and the least of the following fractions: }j, %, 
GIT VAT, 

To 1g 4g (C.W.S.) 

7, Arrange the following fractions into three groups: (1) Those 
which are greater than 3}; (2) those which are between 4 and 4; (3) 
those which are less than 4. Do not find any L.C.M., if you can 
manage without it. 

OF 12 2 Lh ieee emt. 
7d? 95° 3B 16 18 ig a9 ©) 

8. Determine which is the greatest, and which is the least, of the 
three quantities— 

y) 3 
gsy o7y 294 Tos 


Addition and Subtraction of Vulgar Fractions. 
9. Add together 2, %, 4, %, and ¥. (c.pPR.) 
10. Add together! +2-+ 4+ 745. (0.R.) 
11. Reduce 3 +234 %+4-— 32-4 to a fraction in its lowest terms. 
(C.PR.) 
12. Show how to perform the following subtractions i (ii.), without 
1 


i.), 
reducing any mixed number to an improper fraction: (i.) 441} — 4377 ; 
(ii.) 4517 — 431). (e.7.) 


13. Reduce the fractions 539, 23:5, 13%3 to a common denominator ; 
then add them together, and bring the result to its lowest terms. 
(C.H.L.) 
14. Which is greater—the difference between 533 and 27, or the sum 
of 7+ 7,+4, and by how much? (P.t.) 
15. What fraction subtracted from 3 of 22 will make 3 of 13. (P.T.) 


16. Arrange in order of magnitude the fractions {§, 37, 397, and find 


by how much the sum of the greatest and least exceeds or falls short of 
twice the other fraction. (C.H.L.) 


17. The difference between two numbers is 2§?, and the smaller of 


542 
them is lof ‘92: What is the larger number? (P.T.) 
3 
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18. The sum of three fractions is 2: the first exceeds the second by 3; 
and the second exceeds the third by }: find them. (u.M.) 


19. Find the average of all proper fractions having integral nume- 
rators and 20 for the denominator (0 as a numerator being Shy 
C.W. 


Multiplication and Division of Fractions. 


20. Convert 22 of 3 of J into a single fraction. 

21. Multiply 3% of 3, of 63 by 22 of 2. (R.m.a.) 

22. Find the value of # of J of 12; and multiply it by (3 — 4 + 79). 
(C.P.) 

23. Subtract 132 from 172. Multiply the same two fractions, and 

add the two results together. (c.P.) 


24. Divide 3%, by 411. (R..a.) 
25. Divide 2% + 237 — 34 by 26 x 81— 48. (c.pR.) 


26. Divide 1456,19, by ate 
27. Subtract 213 from 93s, and divide the remainder by 11;4. (0.8.1) 
28. Divide the product of 4,; and 218 by their difference. (0.8.1.) 
29. Divide 2 + 3 of 83 by 23 of 28+ 3. (0.8.1) 

30. Find out which is the greater of #8 and /@, and divide 1§ by their 

difference. (s.K.) 


31. Add together 31, 4,7; divide what you get by ?; and then see 
how much you must add to the quotient to make 100. (e.P.) 

32. Obtain (i.) the sum, (ii.) the difference, (iii.) the product of the 
mixed fractions 173 and 272; and express all your results in the form 
of mixed fractions. (C.P.) 


(c.P.) 


33. What number divided by the product of 19, 1, and Z will give 
the difference between 34 and 23? (c.w.s.) 3 


34. What fraction multiplied by 34 of 4 produces 22 of 4? (R.M.A.) 
35. What number multiplied by 3, of 3 will equal 12 of 8 + 28? (C.8.) 
36. How often can you take 4 from13$? What willbe left? (x.s.) 


Bec 2 of 3 2 of § 
37. How many times is the difference between 2 — and FOF dt 
2 9 2 


contained in their sum? (k.s.) 


38. By what must 5? be increased to get 91? By what must it be 
multiplied to get the same result. (c.P.) 


39. Find (by fractions) a number such that, if one twenty-fourth 
part of it be taken away, the remainder is 258. (P.B.A.) 


40. The product of three numbers is 8057182; the greatest of them 
is 17%; and of the others the greater is not more than 3, of the other, 
nor less than 23 of it: find the limits within which the least must lie. 

(c.8.) 


CHAPTER VII. 
SIMPLIFICATION OF VULGAR FRACTIONS. 


Meaning and Force of the Addition, Subtraction, 
Multiplication, and Division Signs. 

In simplifying fractions it is necessary (among other things) 
to bear in mind— 


1. The meanings of the signs employed. 
2. The order in which the operations indicated by those signs are 
to be performed. 


The word “ of.” 


1. Its meaning. 
(a) Multiplication. 
(b) Very close connection between the fraction following it 
and the one preceding it. 
2. Its order.—The multiplication which it indicates must be per- 
formed before addition, subtraction, or division is attempted. ‘Thus 
“of” is said to take precedence of all signs. 


The symbol x 
1. lis meaning. 
(a) Multiplication. 
(b) Connection between the fractions preceding and following 
it less close than when “of” is used. ; 
2. Its order—The multiplication which it indicates must be per 
formed before addition or subtraction is attempted. 


The symbol ~ 

1. Its meaning.—Division. 

2. Its order.—The division which it indicates must be performed 
before addition or subtraction is attempted. 


. 3h 
The symbol -— (as in =) 
ly 


1. Its meaning.—Division. Indicates that the whole of the nume- 
rator is to be divided by the whole of the denominator. 

2. lts order.—The division which it indicates must not be per- 
formed until the numerator and denominator have been reduced to 
simple or improper fractions. (Sce Example at top of p. 78.) 
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If the compound fraction consists wholly of fractions preceded 
by x or +, the x or + signs are taken to refer only to those 
fractions which immediately follow them. 


The symbol + 


1. Its meaning.—Addition. 
2. Its order.—The operation which it indicates should be per- 
formed after all multiplication and division signs have been eliminated 


The symbol — 


1. Lis meaning.—Subtraction. 

2. Its order.—Same as the addition sign. 

[The symbol ~ is sometimes used to indicate subtraction ; when used it 
means that the less of the two must be subtracted from the greater, so 
that the result will be a positive quantity. | 

To sum up: of the four principal signs +, —, x, +, the 
multiplication and division signs must be “cleared ” or dealt 
with before the operations indicated by the addition and sub- 
traction signs are attempted. 

The + sign connects terms: the x sign merely connects 
factors. Viewed in this light, the sign + is a more important 
sign than the sign x ; hence some call + and — Strong Signs, 
and x and + Weak Signs. 


The following examples will illustrate some of the preceding 
points :— 


Example.— Example.— 
bof f+ $ of § bof fit x§ 
3 x 
Ba, 9) 
2 Re _ 1 te Ans 
Sk ihoaage naa Se fe ke 
4 260 

=HG=1yfe Ans. 

Note (1).-—That “ of ” connects 8 Jote (1).—That $ is not connected 
so closely to # that it is inverted so closely to # by the multipli- 
with it. The effect of the “of ” cation sign as it was connected 
is the same as though # of 3 by the“ of ” sign. Hence each 
were enclosed in brackets. fraction is governed only by 


that sign which immediately 
precedes it. 
(2) In each case the fraction is dealt with as a whole, i.e. the whole 
fraction is accounted for at each step. 


Example.— Example.— 
iL L . 
Ee 12 
oy 2 ae meee Cry eae 
= (5 +e ee ener 
= Oo tages . 


Note that the bar has the force both ot division and of brackets. 
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we Example.— 
33 — 54 + 31 4 45 
BE x BE = Oh x 4g (OSL) 
It is advisable to reduce to im- 


a yo $+ cm proper fractions here, because all 
Ax 2h-—ix 28 the fractions will be speedily con- 
cerned in either multiplication or 
division. Asarule, however, such 
reduction should be avoided. 


= 7 Invert the fraction that comes 

ip St 7 «(29 after the division sign. 
ed 2 6 

a5 a ae 3 a Ce Deal with x signs before operat- 

GL 205 ing with + or — signs. 

aes #4 — 18 + 58 Multiply by 12 to clear the 

231 — 2038 denominators. 
=$s=—3 Ans. 


The Use of Brackets. 
Let us examine the expression— 
| 24413 x 1h 
We see that it consists of fn terms, the first, 21, and the second 


expressed by the factors 1? x 14. To ‘show this more clearly, we may 
place the terms in brackets, thus — 


(24) + (13 x 14) 
But suppose we desire the eee ession to mean that the sum of 21 and 


1% is to be multiplied by 13, we must obviously employ some means of 
binding the 24 and 14 closely together, thus— 


(24 + 13) x 13 
Note the difference— 


between and 
(24 + 12) x 1} 24+ 19x14 
=44+x 14 Pag ruin’. 4 
BA . aes, 3 
ee = A245 
=4i= 54 Ans. = 24 + 23 
=45 Ans 
Note from the above that Note from the above that 
brackets should be “cleared” (i.e. “weak” signs are cleared before 
their contents reduced to simple the operations indicated by the 
fractions) before other operations “strong” signs are attempted. 


are attempted. 
D 
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If we wish to multiply the sum of 24 and 33, by the sum of l}and 
21, it would not be correct to write the problem as follows :— 
24+ 335 x 14.423 


for this would mean that three terms 24, 3745 x 14, and 24 were to be 
added together, and our problem evidently states that ¢wo terms are to 
be multiplied together. Brackets are necessary to show clearly what 
is meant, thus— 


(2§ + 3875) x C4 + 23) 
or it is permissible to omit the multiplication sign between the two 
brackets.and write thus— 
(2$ + 375) (13 + 23) 
Similarly, if we wished to divide 24 + 335 by 14 + 23, we could 
write— 
24 + 375 
1¢ + 23 
but the division sign between the brackets must not be omitted, for its 
omission would mean that the two quantities were to be multiplied 


or (2$ + 375) + Cg + 23) 


together. 
Occasionally brackets of the forms [ ],{ } are employed, and 
more rarely still, a bar or vincutum —— is used in place of a bracket. 
Example.— 
2{g+Gxd+ dD} =2Ad+G Xx go} 
=2{¢x ix? 
2, 
en 2 xix a 
3 


Note (1) That the innermost bracket is first “ cleared.” 

(2) That the division sign before the bracket ( ) causes all the 
fractions within that bracket to be inverted, but only after the 
addition (or subtraction) signs have been eliminated. 

(3) That the 2 before the bracket { } multiplies all the terms 
within that bracket. 


‘‘Plus” or “ Minus” Signs before Brackets. 
To express the sum of 24 and 2} — 11, we may write thus— 
| 24) + (22-1) 
or simply— 
24+ 24-14 


Note that the second bracket is preceded by a plus sign, and that 
the sign within the bracket is unchanged on the removal of the bracket. 
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Now, suppose we wish to express the difference between 4# and 
21 + 14. If we write our expression thus— 


44 90 


we are taking 21 from the sum of 44 and 1}, which is not the operation 
we have to perform. Brackets will again help us to express our 
meaning, thus— 


| 45 — (27 + 14) 
or, recollecting that both 21 and 14 are to be taken from 44, we may 
re-write thus— 
44 — 21 — |} 
hence 44 — (21 + 1}) = 44 - 21 - 1} 


Note that when the bracket is preceded by a minus sign, 
the sign within the bracket 1s changed on the removal of the 
bracket. 


Similarly— 
4$ — 2} -1)) = 4$- 2414 


Thus we learn that if there is a plus sign before a bracket, the 
signs in the bracket are unaltered on the removal of the bracket ; but 
that if there is a minus sign before the bracket, then the plus signs 
within the bracket must be changed to minus signs, and the minus 
signs must be changed to plus signs, on the removal of the bracket. 


Example.—Simplify— 


{(5ys — 28) of 28} x Z In the case of two or 
1? + 235 more brackets, clear the 
1-15 inner one first. 
5-24 of 3h x § 

<f i( 18 : c Avoid reducing to im- 
rs 9+4+7 proper fractions except to 

1+2+ rie multiply or divide. 
ge 1 or 18 is taken from 5 
is 13 5 
i(4 a 18 ) of : {x 4 and added to qs, making 
ee 4. oe Oene expression might 

ob be written— 

i 5-2-1 
{22 x 18} x 3 The answer is not 0, 
oe cm but 1, for in reality 1 should 
be written above each 


=20 x JAx ex f,=1 Ans. quantity that cancels out. 
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Example.— 
Here there are two 
pe ae es of 22 — 1 “quantities,” or terms, 
834; — 479s i 1 separated by a minus sign. 


2+773 To make this clearer we 
1 m may enclose them in 


= ee of 24) oe brackets. 
Ss — Sis 7/754 2 
1+2 
9-1 12-7 
2—-1+ an 1 There is no need yet 
oes of 22.) — —_—_—___. to bring any quantity to an 
ge 7 Fs : . 
give 44 — 8 94. improper fraction. 
143 12 
‘15 2 1 
~ (Bh, ot 24) - 
3 We + 5 
38 1 : 
~ (as x +) om 
143 8 
18 Inverting the divisor, 
_ 488 y, 48 ¥¢ Ly ome we can multiply the three 
TARR GUR 7 ae fractions in the first bracket 
3 18 together. : 
= LS Be 
hs pga 
=. Ans. 


Approximations. Continued Fractions. 

It is often advantageous to be able to approximate fractions, that is 
to obtain a value not very much different from the true value, in order 
to facilitate working and to test the approximate correctness of the 
true result of the simplification of a compound or complex fraction. 


Example.—Approaimate $4. 


Increasing the numerator by 1, we have $$ or ? 
Decreasing ra = 1; iGeehos S 
‘Thus 3 and 2 are both approximate values of $4, each differing from 
the true value by 3. 
Example.— 
De E pe Meee bs Fe 
; 45 15 + 33 + ley Ries 
Approximating, we have— 
hey ee see 
44 fs + 3§ + 1244 - 6 9 


B19 a ee Each denominator is 


18 made 9 or 18. 
= 182, as an approximate answer. ap ts epproximated as 14 
The correct answer is 18182 Oro: 


432° 
Another mode of approximating a fraction leads to some interesting 
and important results. 
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Example— Take 24 as the fraction to be approximated. 
Dividing the numerator (34) by the numerator (34), and the denominator 


(55) by the numerator (34), we get— 


Dividing numerator (21) and denomi- 
nator (34) by numerator (21), we get— 


1 
1 


Iti 


1+ 


Now treating 43 as we treated $}— 
1 


1+% 
Continuing the process— 
1 


eon: 
a! 


p— 


ieee eee 
oegpere = 

1 hcieteene 
LF 


Disearding the fraction (#4), 
84 is “approximated” asl. It 
will easily be seen that 1 is 
greater than the true value, in- 
asmuch as the denominator has 
been taken as 1 instead of 1+ 22. 

Discarding the fraction 4%, 
and simplifying the complex 
fraction, 34 is approximated as 
4, It will be seen that this ap- 
proximation is less than the true 
value. For discarding the frac- 
tion 4? makes the denominator 
of the fraction greater than its 
true value. And it can be easily 
seen that the successive approxi- 
mations are alternately greater 
and less than the true value. 


Proceeding as before, the 


approximation is now 4. 


And now ?. 


And now &. 


And now 4. 


And now #3. 


And so on. 


[It is proved in works of Algebra that these successive approximations 


get nearer and nearer to the true value of the fraction. 


The student can 


verify this in the particular example above.] 
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A fraction having a complex form like the above is called a 
continued fraction. A knowledge of the way in which a continued 
fraction is built up will be of help to us in its solution. 


Example.—Simplify— 


oe 
4 Te 
or rage 
1 When we resolved our simple 
4+ — fraction into a continued fraction, 
43 we arrived at the fraction at the 
=. Ae 1 bottom of the right-hand side last. 
ram 1 Hence, in simplifying the con- 
4 4 a tinued fraction, we shall begin with 
va the bottom right-hand fraction and 
sty 1 work back to the simple form. 
=) 4 oe 
4.4. 
Be 
=4+4 7 
17 
=41. Ans 


EXEROISH IX, 


Complex and Compound Fractions involving Multiplication and 
: Dwision only. : 


8! of 92 of 5 9s of 48 of Cit 
1. [ar of Ty, of sor (CP) 5. fh Ob er raga) 
ae 
ee ee Se a 
21 ae ° mmm °° mm~m¢ gw ¢* a= 
2Yx Ax Gr (oP) 4. a ee a (OS 
Complex Fractions involving Addition and Subtraction. 
boil Oi — OR 4 9 
27 Ae ate ‘12 24 
5. Ol 4 f At (c.P.) 6. 31+ 1m — oF (P.T.) 
8 5g + 81g 4 + 3g 
T: Bip 5 16i 4 Be (0.S.L.) 11. "2 eas ig (C.S.L.) 
8 is ay ee (p.7.) 4 oy ee ea 
<r obo ae ae V 12. a5 = 3 Od —. (0.H.L.) 
43 413 18} — 57 ay +1, 83415 
9. sian Biorat- (CP) 
3 15 : S341, 154133 
Ls 2 = 3 13. i8+4)* 74 — 165 (L.M.) 
y ie oe = PEO eS 
10 Tees a OP) 1 ee ee 


: 10}, — 93 => 88, re 62 (C.8.L.) 
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5 eee ae , Sof gory 
ey a 


i eee eee | i 
16. ? pee 
5 6 


= 


Strong and Weak Signs. 
17. 4 of § of 8 —jof fof 2. (c.P.) 
18. 3 of 218 — ji of 103 + Ht + 3. (0.8.1) 
19. 2) of 3) — 31+7},— 51. (c.s.L.) 
20. 23-14 x 54-2o0f 1 +1. (cH.1,) 
21. 37, of 426 +- 71 + 338 of 3 of 3 ~ 4%, of 1}. (c.w.) 


21 — 3 of 13 453 of 19+ }3 of 25, 
22. TofSiET (C.PR.) 24, 1§ of 28 —1 x # x 8F (C.w.) 
3 of 3 + 7 of % ae Seer 


EXERCISE X. 
Preliminary Exercises in the Use of Brackets. 


1. (a) (44 + 4) of (1f — 7). 6. (a) Jof} + 5] of OF + J of i 
() attpor uy. y () of (+5) of (6f-+1) of (A) 
c) (J of 3+ 51) of (6; +} off). 


2. (a) i 2) x (24 a 2) 7Aa) 44+ 4 of i ~ 7 
ett 6 tet Tie 
3. (5 — vi) X (23 + 33) 8. (a) 7x9 -- 2, 
(0) §— th x 23 + 33. ty Ex aD. 
1 i Sole 9. (a) 4 of 52 — 4 of f of 63. 
4) Ux Be OI” O) lof GH a4) oF oF 6) 
, (3 + 13) x (# — 6 + 25). 16 G ig) aN aa ee 1} of 675 
) (35) + (1g X is) — (64+ 28). oT — 14 — Q+ 32). 
5. (a) 3+ 4 of 3} —4. (c) 26 — (14 — 3 + 33). 
(0) (8 + 4) F — 3). (d) 26 — {14 — (} + 3§)} 


Fractions involving Brackets. 


11. @+93+8+G+i+ 9. (cP) 

12. (f+ 4+ %) X (i + 32+ fh). (C.8.L.) 

13. (13§ of 54 of 23) — (14, of 3§ of 3%). (o.P.) 
14, 11} — 1) of 1}, + 13 of (54 — 23). (0.8.1,) 

15. @+4)4- 10} — 2%) +164 (c,) 

16. (132 + 44 x 14) + (54 — 77 +93). (0.8...) 

17. (71 + 59 — 63) + {(82 of J) of (74 + 8%)}. (o.P.) 


Q2 


1 


@ 


20. 


"16 
19. 


5 


2x Li x (63-1). 383 - UG 
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4} (C.P.) 


184 = 
(94 of 4) -+ 8} 
25 ie pb + 1% 


ie 1 
x € of Fee ae 


(S.K.) 


Re cir 
13 12 


" BR + 13 
4h — 1 


if of 33 _ 
"At of 64 


Gee 
| \18} = 7 + 8% 


a8) 4. 
ay aye 


: 1 
} of J of 4§ — 2h of 83 of 4, 


48 B+) a+ S 
(K.8.) 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


_ AF of Ly — 165 of #7, 


16 of ( = 9) 


a — St of a 
5 + 27 of % 
' 30 — 68 of § ol 


59° 
of 38 


233 


(a) 2 eb Ob). 
(5} — 23) of 11} — 43 

(p) (6% +28) of 113 — 43 
(53 — 28) of (113 + 43) 


— f) of G+ 


63 + 33 


(C.H.L.) 


(c.P.) 


_ (3 —-A+1B 
) bs (G4) x (802% of 1485). (c.P.) 


(C.P.) 


9) OF} 
1} of (24+-13)° 


+ o4, of (6 — 58). (S.K.) 


(S.K.) 


(S.A.) 


(s 
ee Rus pei 


.A.) 


=yoEs +] 
Ba a 


" Lots 


mse 


+2 


tt + 1) 


Boras 
BO? eae 


= 94 - 


of 4) — (fof fo) — 


3(3 


Ox 
Pare 


ad Ones) fon) 


ee 


25 X 


T19 


) + 164 - 3) 
=a 4; — 3) 

of 55) a @ of 3} 
of :) 1i\ fy of 43 


(8 of 4) 


— 3) 


x 48 
68 


, 
(c.8.) 


) (c.8.) 


(0. and C.S.C.) 
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28 + (8,3, of 2,4) 
35. 7 19 17 : C.w. 
445 x {(1} of 3%) — 118} (c.w.) 


4 of 12 of 22 of 2 ‘oo 
Soe es OFM ~| ae us CP. 
[+83 “a re 
63. 70 fe ae 
1 1 1 
8 thet) * Gye gew *Grbeier COM) 
aS 557 of 238 of 18}) — a of 174 of 15; 
, 1 3Lof 2i—1. (c.s.) 
Bis of (14 — 5.) + Shot (1-92 4) + 408 5 5 ora 
43+ 13} + 22 43 + 84 — BR 
40. RO RO a aT U5 . (B.A. 
“ Teas + oe tea xa ey EM 


EXERCISE XI. 


Continued Fractions. 


Pa, (r.7.) 6. : s—- (cP.) 
1-7 | ae 
4+ on 
1 T+ $3 
2. ERTS (C.P.) 
14.3 vé . (c.w.) 
TE TAL 3 : 
fe (x.s.) 2 4 
a Neca fea 
aad 8. 1- = (C.PR.) 
4,1+ ee (P.T.) 8 — i 
iS 1 
2+ 1+ 
4 9 
5. ae (P.E.A.) 9. x (0.8.L.) 
24 i 24 a 
Seat ee 
ers i Ly oreg 
1 1 
10 Pe 5 (C.J.) 12 a 
3 1 
3+ 444 a 
11. ———_. (C.H.L.) 
7 
ae eae 
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EXERCISE XII. 


Complex and Compound Fractions giving Negative or Zero Results. 


1a ior 2) 5: Sts 1) = 9 4: 
2.142 0f}-4+2-—1. 4. (of 4, of 34) — (71-68). (c.P.) 
1 
5+— D 3 
1-7 9 (Pot14)1 
BL eee? 


T ia por ay = 


1 eet 
3 oS el 
ome tT 
5a ae a ar 
6. 1+ i a — 2, : 
3 Sof . 4 (of 3 
poe Sear u(# org oa 
4 (4! ils 
3g 
g2\ 5 1 50 
845 o0f 3 Bh 2) | Sic era ear pate 
9. (71+508 SE) x30 104-1 99 
81 B4+93 38 
fay (as) Snag ae: fae to? 
rae (a ag 1 428) hiss rt ae 
EXERCISE XIII. 
Miscellaneous. 
61 x 5h 1 414 51 
L. gra git (it +18). (BS) 4. Sfof ——p +p 33 32 (CPR.) 
33+ 2 of 7h 2 (Asie CS: 
> gory tt gts ©) & xa sg aye C=) 
11 x 43 x 2 
414+.33—61 8712 - 11 x 15 (2 2) ot) 
3. 75a 5718 (c.P.) 3X17 Xx aT 6i 
10} — 23 of 28 -1 
We 2 7 SS eee, O.S.L 
(LO} = 2) of 29g oT ( ) 
13 
8. S07 See yee ee 1) (8.K.) 


i Frot 7) #8 les 


. 
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1 1 2 1 

—+— 4+ — lof 8368+-— —=— 

9. ae io oe ea) (s.K.) 
nf 1 1 3 of 91 

3) 24g Shae + + of 2! 
(5 ie t= x) 23 2§ i 


1g, Tis — Os x ! .- (Gs8.r) 


2-3} 14. 
25 of +9 - (Ut) 51 1 
(c.P.) : 


13. mune ar 5) 1 23 of os vel aE Fr 


6 i a i 


1+g-3 2 See yy) (0M. 


17. of SEIT? Y 8 


18, Multiply 1—-——"__ by 1 —-___% __, (s.x.) 
(3 + 3)? 


19, Show that 2 — (C.S.L.) 


9 ~s4+54+44) 
1 


7, ag 


1 92 = 13- ). 
20. Subtract 1h of TE from }3 + era oh 3] 
9 om 2 


po 


EXERCISE XIV. 
Problems in Vulgar Fractions. 


1, The distance between two wickets was marked out for 22 yards, 
but the yard measure made use of was 7, of aninchtooshort. Find the 
true distance which was marked out. (P.P.) 

2. One-third of one-third of one-third of a ship is sold for £2456 8s. 
What is the value of a five-sixteenths share? (c.P.) 
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3. A father leaves an estate of 10106 ac. 2 rds. 32 po. to his five sons, 
the-eldest_ to take one-fourth of the whole, and the remainder to be - 
divided-equally among the others. What was the share of each? (c.P.) 


JA. Out of a certain sum of money a boy spends 3, and then § of the 
remainder. He has Rs.4,8as. left. What had he at first ? 


5. Of the leaves of a tree, one-fourth part fall in the first week of 
October, one-third part of the remainder in the next week, and two- 
fifths of those still remaining in the next. There are then 1350 leaves 
left. How many were thereat first? (c.P.) 


6. I read 3 of a book on one day, and 4 of the remainder on another 
day. If there were now 80 pages unread, how many pages did the book 
contain? (8.L.C.) 


7. For one-third of a mile a submarine cable was laid overland, ¥ of 
it was suspended in the water, and 4? rested on the bed of the sea. What 
was the length of the cable? (C.P.) 


8. An undergraduate on a certain afternoon spent at his bookseller’s 
two-sevenths of the money in his purse, and then at his grocer’s two- 
fifths of the remainder. He afterwards went for a ride, paying for 
horse-hire two-thirds of what he had over, and then returned to his 
rooms, possessing 5s. How much did he spend each way? (C.PR.) 


9, It isrequired to divide 36 into three such parts, that one-half of 
the first, one-third of the second, and one-fourth of the third may be . 
equal to each other. (L.M.) 


10. A train consists of engine, tender, and eight carriages. The 
weight of the engine and tender equals § of the total weight of the 
train, and is 72 tons less than the weight of the carriages. Find the 
weight of a carriage. (P.T.) 


11. A and B respectively received 3, and #-of a certain sum of 
money, and C the remainder. A received £107 14s. 9d. (i.) Whatsum 
did B get, and (ii.) what fractional part was A’s share of C’s share? 

(c.P.) 

12. Divide Rs.61 14as. among three persons, A, B, and OC, so that 

A’s share may be 3 of B’s, and B’s share 1} of C’s.  (s.K.) 


18. Divide £48 Os. 2!d. between C and D, so that 3 of C’s share may 
be 4 of D’s share. (C.P.) 


14. If j, of a certain sum of money be added to } of the same sum, 
the total is found to be less than } of the sum by 5as, 6p. What is the 
sum ? 


\/15. If the difference in value between 3 and 7; of an estate is 
Rs.4820, what is the value of the whole ? 


\-16. The highest score in an innings was 2 of the total, and the next 
highest was 2 of the remainder. These scores differ by 8 runs. What 
was the total. (C.w.) 


17. From a cask of wine, containing 64 gals., 8 gals. are drawn out, 
and the cask is filled up with water. If the same process is repeated a 
second and then a third time, what will be the number of gallons of 
wine left in the cask? (0.S.L.) 
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(18. Out of a cask of wine, of which a fifth part had leaked away, 
10 gallons were drawn, and then the cask was two-thirds full. How 
much did ithold? (P.7.) 


19. A man loses of his capital, and afterwards loses § of the 
remainder. What fraction of it has he left? (u.m.) 


20. If1 of a property is left to A, 3 of the remainder to B, and } of 
the rest to C, and £100 each to five other persons, what was the original 
value of the property? (c.P.) 


21. A man spends 2 of his money, and then ; of the remainder, then } 
#, of the original sum, and finds he has Rs.5 left. How much had he 
at first ? 


22. A coal merchant sells to one customer } of his stock, to a second 
customer } of what remains, and to a third j, of what stillremains. He 
has now 41 tons 6 cwt. 98 lbs. left. What had he to begin with ? 

(0.8.L.) 


23. Find the expense of a tour in which the hotel expenses amounted 
to 30f the whole, the cost of travelling to 7 of the remainder, and all 
other expenses together to Rs.45. 


1 
24. A had at first £1 8s., B paid him oo of £1 11s. 6d., and found 
that he had remaining j, of what A then had. How much had B at 
first? (R.M.A.) 


.» 25. For the ordinary parts of the Previous Examination 572 men put 
down their names ; ~ of the number entered for Part I., 4 for Part II. 
How many men entered for both parts? (C.PR.) 


26. Half my money I leave at home, }I lend a friend, and spend 3 of 
the rest. My friend can return me only 3 of what I lent him; § of what 
T left at home is stolen. What fraction of my money have I now? If 
I spend Rs.2 4as. less than was stolen, what had I at first ? 


_-27, An equal sum is paid to each of 12 men; } of them are paid in 
half-crowns, } in shillings, and 4 in sixpences. If 136 coins are paid 
away, find the amount. (c.W.) 


28. A’s income is 3 of B’s income; A’s expenditure is } of B's 
_ income; B’s expenditure is equal to the whole of A’s income. Show 
“) that each has the same sum left. (c.S.) 


29. An exhibition has 17,525 visitors. Of these a fifth hold season 
tickets, each costing a certain number of half-sovereigns. Of the 
remainder, a fifth purchase day tickets costing the like number of half- 
crowns, and the rest pay the same number of shillings for their evening 
tickets. The proceeds of the exhibition are £7991 8s. What were the 
three entrance charges? (C.P.) — 


oe 


30. If a third-class railway fare is 3 of the second class, and the 
second 3 of the first, how far can a third-class passenger travel for 4s. 2)d. 
* when a first-class passenger pays £1 1s. Old. for 101 miles? (c.w.s.) 


81. A man walking 18 miles finds that in 1 hr. 40 min. the distance 
_ he has walked is § of the remaining distance. Find his rate of walking. 
(C.PR.) 
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32. A journey of 624 miles was made by coach, steamer, and rail. 
The distance by coach was 7; of that by rail, and the distance by sea was 
2 that by rail. The fare per mile by sea was } of that by rail, and the 
fare per mile by coach was half as much again as that by rail. What 
was the expense of the whole journey, coach fare being 21d. per mile ? 

(c.M.) 


33. Find the rent of an estate whereof }, are let at £2 3s. an acre, 
and the remainder, consisting of 20 ac. 3 rds. 12 po., at £1 16s. 8d. an acre. 
(S.K.) 


34. A man left half of his property to his wife, 1 of the remainder to 
his eldest son, and the rest to be divided equally among five younger 
children, each of whom got Rs.600. How much did the wife get ? 


«xe 85, A paid Rs.189 14as. 9p. to B, B paid} of that sum to C, and C 
paid Rs.87 10as. 6p. to A; then each of them had Rs.388 2as. How 


“, much money respectively had they before the payments were made ? 


(C.P.) 


36. Divide £3 18s. 4d. among three persons, A, B, and C, so that B 
may receive j as much as A, and C ds. morethan B. (S.x.) 


37. Divide Rs.5 Tas. 6p. between A and B as follows: first, } to A, 
and }to B; after this division, ;, of the remainder to A, and the rest 
to B. 


38. Divide Rs.112 14as. among A, B, and C, so that A may receive 
#7 as much as B receives, and C ! as much as A and B together. © 


39. The elder of two brothers inherited from his father 2 more 
money than the other did. Since their father’s death the elder brother 
has increased his capital to the extent of 3 of its original value, and the 
younger brother has lost £707. He finds that he has now only £48 for 
every £100 that his elder brother has. How much.had each of them at 
first? (C.S.L.) 


40. A legacy is divided between three brothers, so that the eldest 
has 2 of it, the second 3, and the youngest the remainder, which is 
Rs.35 less than the share of the eldest. Find the value of the legacy. 


4.1. A man directs that his property shall at his death be divided 
amongst his four sons, A, B, C, and D, so that A shall receive half as 
much again as B, B half as much again as C, and C half as much 
again as D. Find what fraction of the whole estate each son will 
receive; and, if the share of A exceeds that of D by £2869, find how 
much each son receives. (C.S.L.) 


42. Divide Rs.50 between 4 men, 5 women, 6 boys, and 7 girls, so 
that each woman’s share is 7 of each man’s, each boy has half the 
difference between a woman’s and a girl’s share, each girl has the 


“difference between a man’s and a woman’s share. 


43. After driving some distance on the way from one place to 
another, a gentleman observed that 4 of the distance he had driven was 
+ of the distance he then had to drive; also that, when he had driven 
4? miles farther, $ of his journey would be accomplished. How many 
miles had he to drive when he made the observation? (c.P.) 


44. A boy was given the value of§ of a certain sum, and was asked 
to find what the sum was. He multiplied the value given by §, instead 
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of dividing by that fraction, and_so got an answer too little by Rs.82 
8as. What was the certain sum? } 


45. Of the voters in a town, !$ promised to vote for X, and }§ for 
Y. All these vote, and no others. But of the whole number 
promised both X and Y. On the election day 9 out ofevery 10 of these 
double promises vote for Y, who heads the poll by 40 votes. Find the 
total number on the register. (C.S.) 


46. In an election A receives promises from half the constituency, 
B from 18; 460 voters, however, had promised both candidates, of whom 
300 vote eventually for B, and 100 for A. The electors who had not 
promised either do not vote. B wins by 80 votes. What were the 


numbers for each? (C.S8.L.) 


47. A girl is told that 2 lbs. 2 ozs. 15 drs. of sand is to be equally 
divided into 7 heaps, and that each heap is to be equally divided among 
7 boxes, and she is asked to find how much sand there will be in each 
heap and how much ineach box. She divides accordingly, but neglects 
in each division the fraction of a dram. Of how much sand does she 
deprive each box? (P.T.) 


48. The products obtained by multiplying together each pair of 
three given numbers are 3, 42, 82 respectively. What are the three 
numbers? (C.8.) 


49. A father left & of his estate to his elder and the remainder to 
his younger son. The elder spent # of his share, and divided the 
remainder equally among his three sons; the younger spent 7 of his 
share, and divided the remainder equally among his four daughters. 
One of the sons of the elder married one of the daughters of the 
younger brother. What fraction of the estate had they between ase 

. C.8. 


50. A man with a fixed yearly income and a fixed daily expenditure 
saves in ordinary years of hisincome. In leap years he saves £4 4s. 9d. 
What is his income? (C.M.) 


CHAPTER VIII. 


DECIMALS. 


Let us examine the number 888. The digit 8 in the third place 
(counting from the right) stands for 8 hundreds, the digit 8 in the 
second place stands for 8 tens, and the digit 8 in the first place stands 
for 8 units. As before explained (p. 3), each digit has a local value, 
a.e. a value dependent on its position. If the digit 8 be moved from 
the third to the second place, it represents 8 tens instead of 8 hundreds, 
Le. tts present value ts only one-tenth of its former value. 

Similarly, when the digit 8 is moved from the second to the first 
place, it becomes only one-tenth of its former value. 

The question now arises: Can we move the digit 8 still further to 
the right? Let us try, and see what the result is. 


co Hundreds 
OC Tens 
© Units. 


8 


The digit 8 moved one place further to the right than the units’ 
place, is, according to the rule enunciated above, only one-tenth of ‘its 
former or unit value, z.e. our 8 units have become 8 tenths. 

Similarly, by a move to the second place on the right (counting 
from the units’ place) our 8 tenths become 8 hundredths. 

Hence the following :— : 


oo Thousands, 
oo Hundreds 

co Tens 

a Units. 

oO Tenths, 

oo Hundredths 
co Thousandths, 


The Decimal Point.—But the first four digits represent whole 
numbers, whereas the last three digits represent quantities less than 
unity. It is advisable to have some mark separating the whole 
numbers from the fractions; hence what is known as the decimal 
point is used. Thus 8888°888. 

Notes.—(1) The decimal point is written above the line thus, « , in contra- 


distinction to the sign. , which is written on the line, and which 
signifies multiplication. 
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(2) It would be better if it were customary to place the dot above the 
digit in the units’ place, for then the symmetrical arrangement of 
the digits to the right and left of the units’ place would be more 
apparent. This, however, would necessitate the use of another 
convention for repeating decimals. 


oo Hundreds. 
oc Tens. 

© Tenths. 

oo Hundredths. 


8 


Definitions of a Decimal Fraction. 


(1) A Decimal Fraction is a fraction whose denominator is 
some power of 10. 

According to this definition, both 7% and ‘7 are decimal fractions, 
but with this difference, that in 7% the denominator is expressed, 
whereas in ‘7 it is not. In decimal fractions, as commonly under- 
stood, the denominator is not expressed. Hence the following (and 
preferable) definition :— 


(2) A Decimal Fraction is a quantity less than unity 
expressed in the ordinary system of notation. 
Notes.—(1) The ‘ ordinary system of notation’ is a decimal system, 7.e. 
each significant digit represents a multiple of some power of 10. 
(2) The development of the Arabic (or decimal) system for the expression 
of quantities less than unity is mainly due to English mathemati- 
cians at the beginning of the seventeenth century. 


Reading a Decimal. 

The following are correct methods of reading a decimal fraction, 
é.g. “123 :— 

(1) Point (or decimal) one, two, three. 

(2) One hundred and twenty-three thousandths. 

(5) One tenth, two hundreths, three thousandths. 

The first is the wswal method; the others have the advantage of 
showing the value of the digits. 

The following is an incorrect (but, unfortunately, too common) 
method of reading a decimal fraction :— 

Point (or decimal) one hundred and twenty-three. 

This means either 123 units, or perhaps 123 tenths. It certainly does 
not mean 123 thousandths. 

Effects of Ciphers on Decimals. 

Compare the value of *34 and 340. 

34 = 15 +760 = ito 
340 = 45 + x60 + thoo = why: the same as ‘34 above. 


Hence, ciphers placed to the right of a decimal do not 
affect its value unless significant digits follow. 
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Again, compare the value of ‘34 and ‘034. 
S610 +160 = 100 ; 
034 = 3 + r80 + 1000 = 1000 
which is one-tenth of 745 (or 34) above. 


Hence, a cipher placed to the Jeff of the digits forming a 
decimal fraction decreases the value of the decimal to one- 
tenth of its former value. Similarly, two ciphers placed to the 
left give a decimal one-hundredth of the first decimal. 


Effect of moving the Decimal Point. 


In the expression 25°34, if the decimal point be moved one place to 
the right, the expression becomes 253°4, z.e. it is now ten times its 
original value. If it be moved two places to the right, the expression 
becomes one hundred times its original value, and so on. 

Conversely, if the decimal point be moved one place to the left, 
the resulting expression is one-tenth of its original value, if moved two 
places, one-hundredth of its original value, and so on. 


Addition and Subtraction of Decimals are performed 
in exactly the same way as addition and subtraction of whole 
numbers. | 


Just as in addition of whole numbers we place units under units, tens 
under tens, etc., so, in addition of decimal fractions, we place tenths under 
tenths, hundredths under hundredths, ete., because only quantities of like 
denomination can be added together. When an addition sum is put down 
in accordance with the above directions, it will be observed that the decimal 
points fall under one another. 


Hence the following working rule: Arrange the numbers so that 
the decimal points come in the same vertical line. 


Multiplication of Decimals. 
1. Multiplication by some power of 10. 


5 x 10 = 50, te. 5 wnits become 5 tens 
55 x 10 = 550, w1e.5 tens and 5 units become 5 hundreds and 
5 tens 


i.e. in multiplying a whole number by 10, we move the digit or 
digits multiplied one place to the left. Applying this principle to 
decimals— 


‘5 x 10 = 5, we. 5 tenths become 5 units 
‘55 x 10 = 5°55, @.e. 5 tenths and 5 hundredths become 5 wnits and 
5 tenths 
Hence, in multiplying a decimal fraction by 10, we move the digit or 


digits one place to the left, or we move the decimal point one place to 
the right, which amounts to the same thing. 
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To multiply by 100, we move the decimal point two places to the 
right; and, generally speaking— 


To multiply by the /irst power of 10 (te. 10), move the 
decimal point one place to the right. 

To multiply by the second power of 10 (7.2. 100), move the 
decimal point évo places to the right. 

To multiply by the nth power of 10 (7.e. 10"), move the 
decimal point 7 places to the right. 


2. Multiplication by numbers other than some power of 10. 

The cases in which the multiplier is a whole number or a 
decimal fraction or a mixed number are all reducible to the 
same rule. 


Rule.—Place the multiplier so that the digit in the units’ 
place 1s directly underneath the right-hand digit of the multipli- 
cand, and the other digits accordingly. The right-hand digit of 
each partial product must be placed underneath the digit of 
the multiplier which gives the product. Then the position of the 
decimal point in the multiplicand will give the position of the 
decimal point in the product. 


Examples.—(a) 14°234 x 13:7. 


14:234 We have placed the multiplier so that the digit 3 in 

13°7 the units’ placeis underneath the right-hand digit, 4, of 
the multiplicand. The right-hand digits of the partial 
products, viz. 4,2 and 8, are respectively underneath 


142°34 the digits that give the partial product, viz. 1, 3 and 7; 
42°702 and the decimal point in each of the partial products 
9:9638 is underneath the decimal point of the multiplicand. 


In the first partial product the right-hand digit is 

4, but the 4 in the multiplicand stands for —4. and 

195°0058 the 1 in the multiplier for 10, therefore the 4 of the 

—_——- product stands for ;4;, and so 4 must be put into the 

hundredths’ place, but that is clearly under the 1, the corresponding digit 
of the multiplier. And so for each of the other partial products. 


(b) 14234 x -0137. 


14234 d ree it ; : 
0°0137 There is no digit in the units place in the multi- 
plier ; for convenience supply a cipher and write as 

pea Tne shown. In this case the left-hand digit of the first 
00142 34 partial product comes under the digit in the thou- 
‘00042 702 sandths’ place, so we fill up the tenths’ and hun- 


00009 9638 dredths’ places with ciphers, and then place the 
decimal point underneath the decimal point of the 


00195 0058 multiplicand. 


Alternative Method.—Multiply the two numbers together as in 
ordinary multiplication, ignoring the decimal points. ‘To obtain the 
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position of the decimal point mark off from the right-hand digit of 
the product as many places as there are in the multiplier and multi- 
plicand together, and prefix the point. If there are not sufficient digits 


in the product, prefix ciphers until the required number of digits is 
obtained. 


In the examples above it is easy to see that the number of decimal 
places in the product of (a) is 8 + 1, d.e. 4, and in (6) 5 + 4, ae. 9. 


Division of Decimals. 


All cases of division of decimals can be reduced to the case in 
which the divisor is a whole number. [or suppose we have to 
divide 87°561 by 2°83, then the following relation is true. 


87561 87561 x 10 875-61 


Poe X10. 23 


So that if the divisor contains a decimal we multiply it by the 
power of 10 that is necessary to convert it into a whole number, then 


multiply the dividend by the same power of 10 and proceed with 
the sum. 


Examples.—(a) 1°42 + 5. 


5 | 1-42 We proceed as in ordinary division. 5 is not con- 
tained an integral number of times in one unit. We 
"284 change the one unit into ten tenths. 


The fifth part of 14 tenths is 2 tenths, with a remainder of 4 tenths. We 
prefix the decimal point, and write down 2 tenths in the quotient. The 
remainder 4 tenths, together with 2 hundredths, make 42 hundredths, the 
fifth part of which is 8 hundredths (which we place in the quotient), and 
a remainder of 2 hundredths or 20 thousandths. The fifth part of 20 
thousandths is 4 thousandths, which we place in the quotient. 


(b) 87-561 + 2°3. 


To make the divisor a whole number we must multiply by 10. 


Full working. Italian method. 
38°07 38°07 
23)875°61 23)875°61 
69 aes 
— 185 
185 eee 
184 161 
161 
161 


In dividing if we write the quotient in this way above the dividend there 
will be no difficulty about the position of the decimal point. It isclear that 
any integral part of the quotient can only be obtained by the division of the 
integral part of the dividend. 
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(ce) 7000824 + -018. 
To make the divisor a whole number we must multiply by 1000, 
and the dividend multiplied by 1000 becomes °324. 


Full working. Italian method. — 
018 018 
18)°324 18) 324 
18 ois 
—- 144 
144 a 
144 


[Norr.—Experience has shown that many boys regard the placing of 
decimal points in multiplication and division sums as a matter of chance. 
The rules are quite clear and ought to give no difficulty. It is always 
possible, however, to test roughly if an answer is correct as far as concerns 
the position of the point. In Example (a), for instance, ?.¢. 14°234 x 13°7, the 
multiplier is about 133 and the multiplicand 143, and therefore the answer 
is about 190. If, therefore, we had placed the decimal point elsewhere we 
should see that we had placed it wrong. To verify division, we only need 
to remember that the dividend is equal to the product of the quotient and 
the divisor. ] 

The Remainder in Division of Decimals.—It should be carefully 
noted that if the divisor and dividend have been multiplied by the 
same number, the remainder obtained must be divided by the same 
number in order to obtain the ¢rwe remainder. 

[If N be a number, D the divisor, Q the quotient and R the 
remainder. ThenN=QxD+R 


and .. aN = Q x «D + «xR 
10s ON ok 
aD 2 aD 
.. when the divisor and dividend have been multiplied by the same 
number «, the remainder has also been multiplied by the same number. | 


Example.— How many pieces, each 3°05 in. long, can be cut from a 
rod 21 ft. 22 in. long; and what will be the length of the remaining 


piece? (C.S.L.) 
Number of pieces = 21 ft. 2g in. 25475 in, _ 254-75 x 100 _ 25475 
u r Oi pieces = 3-08 ii eb a. = 0S x 100. = aBOB 


The number of pieces is 83. 


305)25475(83 Now to deal with the remainder. 
9AAO The 160 as it stands is 160 in. But because 
numerator and denominator were 100 times their 
1076 true value, the remainder is 100 times its true 
915 value. The true remainder is therefore es eat ’ 
=e or 1°6 in. 
160 Ans. Number of pieces, 83. 


Length of remaining piece, 1°6 in. 


This matter is difficult to some students, so we shall proceed to verify 


our result. 
Length cut off = 3°05 


in. X 83 = 263°15 in. 


Hence the remaining piece = 254°75 in. — 253'15 in. = 16 in, Ans. 
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An explanation of the reason why, in the division of one decimal by 
another (each fraction being less than unity), an integral quotient may 
be obtained, is seen in the fact that the quotient represents the number 
of times the divisor is contained in the dividend. 

For an explanation of the fact that in a division of decimals the 
quotient may be larger than the dividend, see p. 73. 


THEORY. 


1. What do you mean by a decimal? (c.P. and P.T.) 
2. State exactly what is meant by ‘032 of any whole number. (8.K.) 


3. Write down the series of fractions (their denominators being 
powers of 10) which is equivalent to the decimal :12345. (c.P.) 


4. What effect is produced by placing a cipher—(a) To the right of 
a whole number ; (0) to the left of a whole number ; (c) to the right of a 
decimal; (@) to the left of a decimal, but after the decimal point? (1.1) 


5. Define decimal fractions. Explain how it is (i.) that the value 
of a decimal fraction is not affected by ciphers affixed to the right of it; 
and (ii.) that the value is decreased by prefixing ciphers to the left of 
it. Take as an example ‘4, 400, -40000, -004, 00004. (c.P.) 


6. Explain, by reference to the corresponding vulgar fractions, why 
‘307 is equal to ‘80700. In what other way can you explain this 
~ equality? Why is it wrong to read ‘307 as decimal three hundred and 
seven? (P.T.) ' 


7. Give the reason of the ordinary rule for fixing the position of the 
decimal point in a product. (L.M.) 


8. Give a rule for division of decimals which shall include all cases 
of division, and explain why the division of one decimal by another, 
each fraction being less than unity, may give an integral quotient. 


9. Explain the method by which you can most simply multiply or 
divide a decimal by 1000. (c.z.) 


10. How would you explain the fact that in division of decimals 
the quotient may be larger than the dividend? Give an example. 
(K.8.) 


EXERCISE XY, 
Finite DecimaLts. THE FOUR RULES. 


Addition and Subtraction. 
1. Find the sum of 16°94, -00037, 1°79875, 2°185, and ‘090087. (C.J.) 
2, Add together 71206-00123, 42°128, 006, and ‘100069. (c.s.) 


8. Find the value of 1:2345 + 234567 — 345°6789 + gene 
C.P. 
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4, Add together 896-51, 00867, 1:92, and ‘806. (c.s.) 
\ 5. Find in decimals the difference between *8695234 and 498. (P.'r.) 


“6. Add together 3°40765, 537-063, and ‘84379. Subtract the result 
from 601°0473. (R.M.A.) 


Multiplication. 


7. Multiply 47°00658 by -05062. (0.8.L.) 

8. Multiply the sum of :0083 and -8003 by 8-003. (v.7.) 

9. Multiply 16°384 by °375625. (0.8.1.) 

10. Multiply the sum of 42°35 and ‘0047 by the difference between 
6° 359 and 17°25. 

11. Find the continued product of 01, 001, and -0001. 

12. What number divided by 2°11 will give 2°95 as a quotient ? 

18. A train is travelling at the rate of 42:12 miles per hour. How 
far will it go in ‘16 of an hour? 

14. Multiply 613°24 by 45, and by 000045. (0.R.) 

15. Multiply :00124 by 0325. (0.3.) 

16. Square 11°111. (c.P.) 

17. Multiply 240°1803 by 2°401803, and, from your result, write 
_ down the square of 2401°803. | (c.P.) 


18. If x stand for ‘278, write down the values of x x 10, «x 1, 
xx-1,xx°‘01,7~~x:001. Show from the results that the value of 
ae is greater than ‘01, but less than’l. (L.m.) 

Division. 

19. (a) Divide 555°0592 by 93°76 (0.R.); (b) 429 by 0°26 (0.3.); 
(c) 429°55 by ‘01375 (c.s.u.); (d) 105°5906 by -00703 (c.H.L.) ; (e) 3217 
by 00625 (x.s.); (f) °9651 by 187°5. (K.s.) 

20. Multiply 4:23506 by :00423;. and divide :004 by ‘04, by 4000, 
and by 23°67 respectively. (C.P.) 

21. Multiply 3:5 by ‘008; and divide 60°2 by ‘002 and ‘0602 by 2000. 

(0.R.) 

22. Divide 4:953 by ‘1524, and from this result deduce the quotient 
when 495°3 is divided by ‘0001524. (c.H.L.) 

23. Divide 00015573 by the square of ‘23 increased by one-tenth of 
the cube of *2. (C.P.) 

24. Divide 5°75 by ‘0184, From your result write down the quotients 
when ‘0575 is divided by 1°84, and 5750 is divided by 18°4. (x.s.) 

25. If, in a division sum, the dividend is 483-758 and the quotient 
is 99°95, what is the divisor? (c.P.) 

26. The product of two numbers is 5°65504, and their quotient is 
6°4; find them. (C.M.) 
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27. Find the length of the remaining piece when portions each 
‘1234 in. long are cut off as often as possible from a ribbon 89°576 in. 
long. (S.A.) 

28. Two lines are 41:06328 in. and °0438 in. long respectively. How 


many lines as long as the latter can be cut off from the former? What 
will be the length of the remaining line? (Cc.s.) 


29. The product of two numbers is 191:1. One of the numbers is 
546: find the other. 
BO; eae 
"0009 x °038 


‘Miscellaneous Hxamples. 


81. Divide the difference between the thousandth part of 875 and 
the hundredth part of 16 by the ten-thousandth part of 43. (p.'.) 

32. Add the following numbers: (i.) ‘144578, (ii.) -8923495, (iii.) 17-34, 
(iv.) 2'8912, and (v.) :00734801. Multiply (i.) and (iii.) together, and 
(ii.) and (iv.) together. Subtract one result from the other, and add 
0270216456. (c.P.) 


33. Divide the difference between one-tenth of three thousandths 
and one-hundredth of nine ten-thousandths by the sum of one millionth 
of three hundred and ninety-five and one hundredth of nine-thousandths. 

(P-T.) 

04, Write down the product of ‘001 by 100, and of -02 by -002; 
also the quotient of ‘001 divided by ‘0001, and of 20 divided by 2000. 
Give the reason (not the rule) for one of the multiplications and one of 
the divisions. (C.P.) 


35. Subtract -992748 from 1; divide the result by 0074; and prove 
the truth of your division by vulgar fractions. 


36. Divide the sum of J and 1894 by their difference, and express 
one-millionth part of the quotient as a decimal. (c.P.) 


37. Subtract -004789 from 24:07484; multiply the remainder by 
‘0005 ; and divide the latter result by 4000. (c.P.) 


38. Divide the difference between 5°5225 and the square of -075 by 
126°1. (c.P.) 


39. Subtract seven-tenths and three-thousandths from one and five- 
hundredths and four ten-thousandths. Multiply 364:78 by 85005. In 
each case verify your result by vulgar fractions. (6.P.) 

0391 9°49 ; 
23 and 3 bY 83. 


41. Subtract 0:07063 from 1:003032. State the rule for multiplying 
one decimal by another. Find the product of 0:0256 and 1:0071, and 
divide the product by 2°7975. 8.x.) 


42. 2-001 x 013 + -0023. (c.P.) 
43. (0011 x ‘091 + -0035) + (:015 x -507 + 89). (s.x.) 
44. (1°61 x ‘0209 + 00253) — (2°03 x ‘336 + 32°48). (s.x.) 


40. Divide the sum of 
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45. (7°35 x -0143 + 15-015) — (-152 x -083 + 2°09). (s.x.) 
46 25 — 0025 + 3°82 + "25 
: 8055°5 x *05 
110°6 + :018 - -08 
15x 08+ :09 - 
48. Reduce to its lowest terms the following fractional expression, 
rErien = : ‘ (S.K.) 


(0.8.) 


\ 47. Evaluate (C.PR.) 


and find its value to four decimal places: 
gq 6°501 — 3:07 + 2-124 
(BSS ae 5  (0.Bs) 
(231)? — (1-69) 
" (231)? — (1-69)" 


(C.8..) 


ae CHAPTER IX. 


DECIMALS: APPROXIMATION—CON- 
TRACTED METHODS. 


ve A NUMBER itself represents an exact quantity, but when a 
measurement is made we may be sure that such measurement 
is not absolutely exact. In practical life we measure as nearly 
exact as circumstances may demand. A shopkeeper weighing 
out a pound of sugar only gives approximately a pound ; 
probably he gives an amount just over a pound. A chemist 
who wanted to weigh a few grains of some drug would have 
to use a much more delicate pair of scales than the shopkeeper, 
for he would have to be more accurate. A difference of a 
grain or two would not matter in the case of a shopkeeper 
weighing out sugar, but it might be of vital importance in the 
case of the chemist weighing out poison. 

Now let us consider a measurement of 1°5439 inches. 


X Y AB Z C 
ee RT 
PQ 


Draw a straight line XYC and make XY=1 in. and YZ=1 in. 
Divide YZ into 10 equal parts and let YA = 5 of these parts 
and YB = 6 of them. Then XA = 1°5 in. and XB = 16 in. 
If we now divide AB into 10 parts and let AP = 4 of these 
parts, then XP = 1°54 inches, for 
XP =XY+YA+ AP 
= (1+ 43+ =) inches. 

If AQ = ;35 in. and we divide PQ into ten parts, we should 
then have thousandths of an inch. It is, however, fairly clear 
from the figure that with ordinary instruments we cannot 
divide PQ into tenths. If we take XA we only take 1°5 inches, 
and this measurement is said to be correct to the first decimal 
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place (or to the first place or to the nearest tenth). If we 
take XP we take 1°54 inches, and this is correct to two decimal 
places, or to the nearest hundredth. In the same way 1°543 
might be said to be correct to three places. But in this case 
we must consider the figure in the fourth decimal place. It 
is 9. Now 1:5439=1°543+°0009, and it also = 1°544—:0001. 
Now 1°543 is too little by ‘(0009 and 1°544 is too great by ‘0001, 
hence 1°544 is nearer the true value than 1°548. And in the 
same way 1°544 would be the value correct to three places of 
1°5435, 1°5486, 1°5437, and 1°5438, and 1°543 would be the 
value correct to three places of 1°5430, 1°5481, 1°5432, 1°5433, 
and 1°5434. 

‘ It will be obvious from the foregoing that the number of 
digits in a decimal is no test of the value of the number, for 
1°6 is greater than 1°5439, and however many digits we may 
append the resulting fraction will still be less than 1°6. Now 
in problems, where we are asked for the result correct to a 
certain number of places, it may be that some of the figures 
in the decimal may be ignored; we shall now proceed to 
investigate the four rules to see how they may be simplified 
when we wish for a result correct to a limited number of 
figures. 

The expression “‘ significant figure ’’is frequently used in this connection. 
Significant figures are those that signify, that is, those that matter, that 
affect our result. For instance, in the example above 1°54 is correct to three 
significant figures. To that degree of accuracy ‘0039 does not signify. 1°544 


is correct to four significant figures. The difference of ‘0001 does not signify 
to that degree of accuracy. 


Addition. 


Example.— Add together 14°57361, *80137, 32°4739, 10029, -11887, 
5°48689 correct to three places of decimals, 


14°5736 
8014 : , 
32-4739 We re-write the addends correct to four places in order 
1:0029 to obtain a “ carrying ”’ figure to be added to the addends 
of the third place. If a decimal in the fifth place consists 
1189 of a digit 5 or over 5 in value, one is added to the digit in 
5°4369 the fourth place, ¢.g.— 
*80137, the second addend, becomes ‘8014. 


54°4026 
54°403. Ans. We then re-write the sum correct to three places. 


Subtraction.—The contracted method much resembles that employed 
in addition, except that, if both subtrahend and minuend are shortened 
both in excess or both in defect, it is unnecessary to retain more digits 
in the working than are required in the answer. 
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Example.— Take *987659821 from 2°037626115 correct to five 
places of decimals. 


2037638 Here both minuend and subtrahend are shortened in 

“98766 excess, but if the subtrahend be shortened in excess and 

the minuend in defect, or vice versd, the difference will not 

a be correct unless both minuend and subtrahend are ex- 
104997 tended one digit more than the required number. 


Multiplication. 


Example.— Multiply 1:234567 by 18°90128 correct to three places 
of decimals. 


The example worked out in full is as follows :— 


1:234567 
18°90123 
12°3456|7 
9°8765|36 
1:1111|1030 
°0012|34567 
°0002| 469134 
‘0000|3703701 


23°3348)34817 41 


It will be noticed that the portion of the partial products to the right of 
the line, i.e. after the fourth decimal place, does not affect the result. It will 
also be seen that the digit that results from the multiplication of a digit in 
the pth place in the multiplier and a digit in the gth place of the multipli- 
cand occupies the (p+ qg)th place in the product. For take the case of the 
partial product corresponding to the digit 1 in the third decimal place of 
the multiplier. In the partial product it is clear that the right-hand digit 
occupies the (6+ 3)th place, t.e. the ninth place, the next digit, 6, the 
(5 + 3)th place, i.e. eighth place, and so on, In order to obtain the product 
correct to three places it is only necessary to consider four decimal places in 
the product. In this example it will be seen that the products of the 8 in 
the units place of the multiplier with the digits 6 and 7 in the fifth and sixth 
places of the multiplicand come in the fifth and sixth decimal places of the 
product, and therefore do not affect our approximation. This leads us to 
the first rule. Take one more place in the multiplier than is wanted in the 
result, mark that digit with a cross and place the unit’s digit of the multiplier 
under the marked digit. We next have to consider what digits in the multi- 
plier and multiplicand we may ignore. If we crossed out the digits 6 and 7 
in the multiplicand and carried out the multiplication in the ordinary way, 
the right-hand digit of the first partial product, 7.e. 5, would come under the 
digit 4 in the multiplicand, that is, in the third place. Therefore for our 
degree of correctness we must take one more place in the multiplicand for 
the multiplication by the digit 1 in the tens place of the multiplier. If there 
were a digit in the hundreds place of the multiplier we should have to take 
another place to the right in the multiplicand. We have therefore this 
second rule. In forming the partial products take as many digits in the multi- 
plicand to the right of the marked digit (adding ciphers, if necessary) as the 
multiplying digit is to the left of the marked digit ; the right-hand digit of the 
partial product will then come under the marked digit. In multiplying by 
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the digits in the decimal of the multiplier we have this third rule. Begin to 
multiply with that digit of the multiplicand which is as many places to the left of 
the marked digit as the multiplying digit of the multiplier is to the right, the right- 
hand digit of the partial product will then come directly underneath the marked 
digit. There is a fourth rule to be observed. To obtain in this contracted 
method the right-hand digit of a partial product we need to carry the nearest 
integer to what would have been carried if the sum had been worked out in full. 
A careful examination of the example worked out will make the above 


rules clear, 
We want the result to be correct to three places. 


x 
1°234567 We place a cross over the fourth place in the multi- 
18°90123 plicand, and we write the units digit of the multiplier 
. 2 je underneath the marked digit, and place the other 
12°3457 digits to correspond. To obtain the first partial pro- 
9-8765 duct we notice that the digit of the multiplier is one 
é place to the left of the marked digit, and therefore to 
BAtit obtain the right-hand digit of the partial product we 
12 must take one digit to the right of the marked digit, 
2 i.e. 6, and this digit would be placed under the marked 
> aa digit. We have, however, to bear in mind rule 4, and 
23°3347 going one place further to the right we see that the 


next digit is 7; but 7 is nearer 10 than it is to 0, and 

Therefore the an- so we must carry 1, our right-hand digit is therefore 
swer correct to 6-+1,7.e.7. The second partial product is formed by 

+ IDs multiplying by 8, and as this digit is in the units 

g eiaces 18 20535. pings te Peaid with the marked digit of the multi- 
plier. But using rule 4 we see that 8 times 6 (the digit next to the marked 
digit) is 48, i.c. nearly 50, so we carry 5; therefore the right-hand digit of 
the second partial product is 5. For the third partial product we notice 
that the digit of the multiplier is one place to the right of the marked digit, 
and therefore we have to take for the first term in the multiplicand the digit 
one place to the left of the marked digit, i.c. we have 9 times 4, 7.¢. 36. But 
we must see what we should have had to carry, and so we must look at the 
next digit to the right. Itis5; 9 times 5 = 45, i.e. nearer to 50 than to 40, 
so we carry 5. Hence we have for the determination of the right-hand digit 
of the third partial product 36 + 5, i.e. 41. We therefore place the digit 1 
under the marked digit, carry 4, and proceed with the multiplication. And 
so on for the remaining partial products. 

Let us consider the partial product corresponding to the right-hand digit 
(i.e. 3) of the multiplier. It is in the fifth decimal place, and therefore we 
must begin with the digit of the multiplicand that is in the fifth place to the 
left of the marked figure. But in this case there is no digit more than four 
places to the left, and so in accordance with rule 4 we only need in this case 
consider the carrying number. In this case it is clearly 0. If there had been 
any other places in the multiplier it is evident that we could ignore them, 
and generally all further digits in the multiplier can be ignored after we 
have taken one more digit in the multiplier to the right of the marked digit 
than there are digits in the multiplicand to the left of the marked digit. 


Division. 

The following rule for contracted division can be deduced from the 
full working out of a sum, and the two examples worked out will make 
it clear. 

Rule. 


1. Ascertain the number of digits in the integral part of the quo- 


tient. 
2. Add this number plus two to the number of decimal places 
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required in the result, and take that number of digits from the dividend, 
beginning with the digit of the highest order, and affixing ciphers if 
necessary. 

3. Take as many decimal places in the divisor as there are in this 
amended dividend. 

4, The dividend and divisor have now the same number of decimal 
places, and we divide as if they were whole numbers. 

5. When the number of digits in the dividend is less than the 
number of digits in the divisor, instead of affixing ciphers as in ordinary 
decimals, strike off a digit from the divisor and proceed one step with 
this curtailed divisor. 

6. Repeat this -process, striking off the digits of the divisor in 
succession, until the required number of decimal places in the quotient 
has been obtained. (The curtailed divisor should never have less 
than two digits.) 


Note.—In multiplication it is desirable to add in the nearest multiple of 
10 from the multiple of the digit just struck off. 


Example.—(a) Divide 985°4283387 by 18°703216231 correct to 
six places of decimals. 

1. The number of digits in the integral part of the quotient is 
clearly 2. 

2. 24+ 2+ 6 = 10; we therefore take ten digits from the dividend 

for our new dividend. The new dividend therefore is 985°4283387. 

3. There are 7 decimal places in this dividend; we therefore have 
as the new divisor 18°7032162. 


The working of the sum is as below— 


1870821 8R)9854233387(52°687640 


935160810 
502675287 Or, using the Italian method we 
374064324 have— 
——__—— 187,0,3,2,1,6 2) 9854283387 (52°687640 
128610963 ee 
112219297 502675287 
16391666 128610963 
14962573 16391666 
1429093 1429093 
1809225 
eres 119868 
119868 
112219 ro 
7649 eS 
7481 


od 


168 


5 
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Example.—(b) Divide +2371910 by -0232 correct to four places of 
decimals. 


(1) The number of digits in the integral part is clearly 2. 
(2) 2+2+ 4 = 8, the new dividend is therefore -23719100. 
(3) The new divisor -02320000. 


"237191 QQ (We cross out the ciphers that are 


The sum then = "02320009 common.) 


The working is— 
10-2238 Italian method. 
ee 10-2238 
. ; 23200)237191 
4640 AA 
551 
464 Bf 
87 180 
69 ee, 
esr We must not have less than two figures in 
180 the divisor, so we affix a cipher to obtain the 
184. fourth decimal place in the quotient. The 


digit is clearly nearer 8 than 7. 


Example.—Find correct to five places of decimals the value of the 
infinite sertes— 


1 
Ty ean » +. (L.M. and C.s.) 


The notation |3, |4, |5, is used to express the continued product of all the 


integers from 1 to 3,1 to 4,1 to 5. They are read as “ factorial three,” 
*‘ factorial four,”’ etc. 


Then we might re-write thus— 


1 ] 1 1 
MT Pee 1.2.3.4) Tote eoccoses 


Each fraction is expressed as a decimal: each fraction is obtained from 
its predecessor by division, and in order to ensure accuracy, each is carried 
out to seven places of decimals. 
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1 ee | 
txt — ‘5 
m2 — +1666667... 
nos = ‘0416667... 
EERE = °0083333... 
SOREN IRIXS — -0013889... 
[XEKEKEXEXORT = ‘0001984... 
EXDX 3 X4AX 5 XO RTS = °0000248... 
EX 2X EX 4X5 x Ool ED "0000028... 
1xX2x3xX4xK5X6X7TX8X9-— 0000003. 

. 1°7182819... 


There is no need to find the value of the next or any subsequent term, 
as their values cannot be expressed by any significant digits in seven places 
of decimals, and hence will not affect the result. 

Ans, 1°71828. 
Example.— Find correct to five decimal places the sum of — 
Lara 1 1 1 
gt gt gt git gateee (c.S.) 


This may be solved by a similar process. 


1 _ 4950000 

8 

1 

B= °0156250, etc., etc. Ans. 14285... 


Norr.—After decimals have been mastered, all remainders, as a rule, should 
be given as decimals, and not as fractions. 


EXERCISE XVI. 


Finite Decimals. Contracted Methods. 


1. 8:097 + 9761°03 + 598 + ‘07912 + 52052 + 359:07316 correct to 3 
places. 


2, 1:1 + 20°02 + 18 + 2°845 + 1:0001 correct to 3 places. 
3. 82°5387 + 2000 + 1:354 + -006 + 18 correct to 2 places. 


: = 347°859 + :010101 + 639 + 2°573 + 11°01115 + 32784 correct to 
places. 
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5. 7600 + 31009 + 473°842691 + -07 + 00001 + 1:1 correct to 4 
places. 


6. 777-88 + 99-555 + 441-765 + 79:0456778 correct to 6 places. 
7. 70°304 — 29°30465 correct to 8 places. 
8. 37124 — -1234567 correct to 6 places. 


9. From 2000 take the sum of 99°876, 875-3, and 894:43245 correct 
to 3 places. 


10. (210°346 + 57:36 + 44°56 + 79) — 83-450932 correct to 5 places. 


11. Find to within one-thousandth the sum of 16-4184, 62°6187, 
22°438, and 15-0876. 


12. 5:0175 x :225 correct to 5 places. 

13. 292°5 x -00067 correct to 5 places. 

14, 11-007 x -00678 correct to 7 places. 

15. 123 x ‘0203 x ‘02 correct to 7 places. 

16. ‘07 x 3:972 x 975 correct to 2 places. 

17. 9°71 x 5:836 x :0001 correct to 5 places, 

18. 3°705 + :0705 correct to 8 places. 

19, :237191 + -0232 correct to 4 places. 

20. Multiply 768-4087 by 35-567, retaining integers only. 


21. Divide 626:34276 by 143:567 to within one hundred thousandth 
of the whole. 


22. Square 7:14389673 correct to 8 decimal places. 

23. Divide 1 by 1:2599210 correct to 5 significant decimals, 
2°44948974 ¥ 

24. 741491356237 correct to 4 decimal places. : 

25. Find to a millionth the reciprocal of 3:203458612. 


26. Find to 5 decimal places the difference between the square of 
8°50163 and the cube of 3712. (c.w.) 


27. Multiply 5°7295 by 1-61423 correct to 5 places of decimals. (1:0) 


28. Find the value of 3:14159 x *123456 to 3 decimal places with 
the least possible amount of work. (c.w.) 


29. Multiply 3°14159 by -69897 correctly to 7 places of decimals, (c.m.) 


30. Find the values, correct within one ten-thousandth of the whole, 
of 5327°643 x 781°24395 and 7384:291 + 4°382672, using methods of 
approximate calculation. (¢.M.t.) 


31. Divide 24-946742 by 7 to 4 significant figures, Assuming that 
a metre = 39°37079 in., express a square metre in square feet and 
decimals of a square foot correct to 3 significant figures. (K.S.) 


32. Divide ‘736 by 2°85, and 2°85 by ‘7036, in each case to 4 places 
of decimals, and find the product formed by multiplying the quotients 
together. (8.K.) z 
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38. Divide 5, correctly to 3 places of decimals, by °01234. (c.P.) 

34, Divide -8 by °17 to 4 places of decimals, and 71 by ‘0018 to the 
end of the integral part of the answer. (C.P.) 

35. Divide 73438°6445 by 412345, and 004321 by 00043212, correct 
to 5 places of decimals. (0.P.) 

36. Find the first 5 decimal places of the quotient of 1373 divided 
by °021. (s.K.) 

37. Find to 8 decimal places the value of— 

1 it 1 
igo, 2.8 1.2.9.4 
38. Find to 4 decimal places the value of— 


ib Bane aga § 
qtmtipt eset 


Bie A 
39. Find the value of 1+5 + > tot: correct to 5 places of 
decimals. (0.8.L.) 


EXERCISE XVII. 


Problems involving Finite Decimals. 


1. Divide 100 into two parts such that one may exceed the other by 
Sahay ety Reeth 

2. How many pieces each 6:1 in. long can be cut from a rod 21 ft. 
93 in. long; and what will be the length of the remaining piece? (C.S.L.) 


3. The product of two numbers is ‘15252. If we increase one of 
them by :02 the product becomes 1525446. Find the numbers. (P.T.) 


4. What decimal fraction, when diminished by yy of itself, becomes 
"45°? (p.T.) 

5. How much does a creditor to the amount of £9518 receive when 
his debtor pays £625 in the pound? Prove this sum by vulgar 
fractions. (C.W.) 


6. If the circumference of a circle be taken as 3} times the diameter, 
how many turns in a minute will a wheel, 4°55 ft. across, make at the 
rate of 10°4 mi. in 1°25 hr.? (c.P.) 


r 7, A bicycle wheel has a circumference of 7-145 ft., and makes 6500 
revolutions in an hour. Find the distance in miles travelled in 5} hrs; 
Las nearly correct as you can give it to two places of decimals only. 

_ (C.8.L.) 


8. A small object weighs 009 of an ounce. How many such objects 
would be required to turn the scale against a weight of 1 cwt. 1 qr. 1 lb., 
and by what weight would the mass of small objects exceed this weight ? 

(P.T.) 


9. How many times can a cup containing ‘013 of a pint be com- 
pletely filled from a jug containing a quart; and how much (expressed 
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as a decimal of a pint) will remain in the jug after the last complete 
filling of the cup? (p.t.) 


10. A cup contains ‘7735 litre. How often must it be filled to 
obtain 1575 litres of liquid at least ? (P.E.A.) 


11. How many doses, each weighing -00176 gr., can be obtained 
from a powder weighing +096 gr., and what is the weight of the 
remaining portion of the powder ? (C.P.) 


12. Prove that 3 + a = 3°14159 nearly, and find the square of 


16 - 
2°14159 correct to 3 places of decimals, (C.w.) 


13. How often is °85 of an inch completely contained in 12:52 pias 
and what remains? (P.1.) 


14. If A owns ‘58 of a ship, and B owns the rest; and if the differ- 
ence in the money value of their shares is £37:46, what is the value of 
the ship? (P.t.) 


15. Into how many equal parts must ‘08475 of a ton be divided in 
order that each one of the parts may be °791 lb. ? (C.P.) 


16. How many revolutions in a minute will be made by a carriage- 
wheel 4°55 ft; in diameter when the carriage is going at the rate of 
5°2 mi. in 1:25 hr.? (Take # as the ratio of the circumference to the 
diameter.) (c.M.) 


17. A weight of 1 1b. is placed in one scale of a balance, and pins, 
each weighing -0013 of an ounce, are put one by one in the other scale 
until the balance turns. Then one pin is taken out of the scale. How 
many pins are left in the scale, and by how much (in ounces) does the 
1 lb. weight outweigh them? (P.T.) 


18. The water of a certain company contains ‘002 of organic im- 
purity, and ‘003 of metallic impurity, and -02 of chalk. Find what 
vulgar fraction of the whole is pure water. (c.z.) 


19. I post 3 cards bought at 1d. each, 3 bought at 2 for 13d., 7 
bought at 10 for 6d.,and 7 bought at 10 for 54d. How much more have 
I paid for the posted cards than I should have paid if I had bought 
them at 3d. each? Give (1) the exact result decimally, and (2) the 
result to the nearest halfpenny, saying how you know it to be the 
nearest. (P.T.) 


20. A book, before binding, consists of 824 leaves (each 91 in, by 
6} in.), and weighs 1 lb. 3 oz. Express decimally, in ounces, the weight 
of as much paper of the book as would cover a square yard. (P.T.) 


21. An imperial gallon contains 277:274 cub. in. Find (correct to 
three decimal tapos) his number of gallons in a cubic foot. (P.x.A.) 


22. Given that a gallon of water weighs 10 lbs. avoirdupois, that 

1 1b. avoirdupois contains 7000 grs., and that a cubic inch of water 

\ weighs 252°458 grs., calculate the number of cubic inches in a gallon to 
| three places of decimals. (c.P.) 


238. A cubic metre of water contains 1000 litres, and a cubic foot of 
water contains 6} gals. If a linear metre is 3 28 ft., express correctly 
to four decimal places, a litre as a decimal of a gallon. (P.T.) 
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24. The Snowdon Tramway has a continuous rise of 3140 ft. in 
48 miles. The average gradient is said to be 1 in 7°83. Compare these 
statements, and determine the true average gradient from the first 
statement to three places of decimals. (C.P-) 


25. If 127,196 sovereigns weigh one ton, find the weight of a sovereign 
in grains, correct within 4, of a grain, assuming that 1 lb. avoirdupois 
is equal to 7000 grs. (C.H.L.) 


26. Standard gold consists of eleven parts by weight of pure gold to 
one part of alloy, and 40 lbs. Troy of standard gold is coined into 1869 
sovereigns. Find the weight of a sovereign in grains correct to three 
places of decimals. (0.8.L.) 


27. A train goes 2046 mi. in 78°05 hrs.; its average pace is 45 mi. 
per hour: how long was it delayed by stoppages? (S.A.) 


98. John added together 3°1285, °0129, 12°63, and 3°7. He read them 
all as decimals of £1, but one was really a decimal of a fiorin. The 
answer should have been £8°1044. Which line did he misread ? (eT:) 


29. Find, to within 10,000 sq. mi., the area of the earth’s surface, 
having given that its radius is 3959 mi., and that the surface of a sphere 
ig 3:1416 times the square on the diameter. (L.M.) 


30. Assuming that the circumference of the earth is 24000 mi., and 
that diameter is to circumference as 1 ; 3°1416, express the diameter of 
the earth (a) in miles, and (b) asa decimal of its circumference (decimal 
to four places only). (C.W.) 


31. Two straight rods, initially 23 ft. and 12 yds. long respectively, 
were heated. The former expanded ‘000412 of its initial length, and 
the sum of the expansions of the two rods was } in. What decimal of 
its initial length, correct to six decimal places, did the latter rod expand ? 

(c.P.) 


32. A parish map is drawn on the scale of a, foot to a mile. Express, 
as the decimal of a square inch, the size on this map of a field which 
contains an acre. (C.S.L.) 


33. The area of a circle may be obtained by multiplying the square 
of its radius by 31416. Find radius of a circle containing 3848°46 sq. 
in. (P.H.A.) 


34. Three measurements are taken of the diameter of three different 
circles known to be 6, 5, and 4 in. in circumference ; these give the 
diameters as 1°9, 1:58, and 1:27 in. respectively. Find the ratio of the 
circumference to the diameter as determined by the mean of these three 
measurements to five places of decimals. (C.P.) 


35. If the area of a circle be 76°54321874 sq. in. and the ratio of the 
circumference to the diameter (m) be 3°14159265, find the length of the 
diameter correct to two places of decimals. [Area of a circle is r times 
the square of the half-diameter.] (C.S.) 


CHAPTER X. 


CONVERSION OF VULGAR FRACTIONS 
INTO DECIMALS. PURE AND MIXED 
CIRCULATING DECIMALS. 


The Conversion of Decimal into Vulgar Fractions, 
and of Vulgar Fractions into Decimals. 

We have dealt with such fractional expressions as 4, #6 (commonly 
called vulgar fractions), and also with such expressions as °2, ‘85, | 
commonly called decimal fractions, or sometimes decimals, and we 
have now to consider how vulgar fractions may be converted into 
decimals, and vice versd. | 


To express a Decimal as a Vulgar Fraction. 

Such an expression as ‘47 may be read as forty-seven hundredths 
(p. 101), and we can write 47 hundredths as -4%,. 

Similarly, ‘019 = 19 thousandths = 532, 

and ‘000007 = 7 millionths = ygg%gq0- 

It will be observed that the numerator consists of the digits of the 
decimal, and that the denominator contains as many ciphers as there 
are decimal places in the original decimal. 

Hence the following rule for the conversion of a decimal — 
into a vulgar fraction :-— . 

(1) Yor the numerator. Write the digits of the decimal 
exclusive of any ciphers that may precede the digits. 

(2) For the denominator. Write unity, and after it put as 
Inany ciphers as there were decimal places in the original 
decimal. 

Example.— Convert ‘053 into a vulgar fraction. 

‘053 = 785. Ans. 
To express a Vulgar Fraction as a Decimal. 


(a) The case in which the denominator is a power of 10. 


Such a vulgar fraction as 759; may be read as 59 hundredths, and 
this may be written as ‘59. The conversion here resolves itself into 
a consideration of decimal notation. 
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(b) The case in which the denominator 1s not a power of 10. 


1. A vulgar fraction may be converted into a decimal fraction (and 
thereby into a decimal) by multiplying its terms by such a number as 
will make the denominator a power of 10. 


2K 
$= 5 0 ee 
7 x 125 selon 


i 


"875 


2) 


n 8% 125 7 100g 
2. Such a decimal as 48 has to be dealt with in another way. A 
vulgar fraction may be regarded as representing a quotient resulting 


from the division of its numerator by its denominator (p. 66). 
Applying this knowledge, we proceed as follows :— 


92) 15°0(°46875 
D 
a By Contracted Method. 
x 32)15°0(-46875 
230 220 
256 280 
Seo 240 
240 160 
224 3 ate ; =e 
The decimal point in the quotient is ob- 
160 tained in the same manner as in division of 
160 decimals (p. 104). 


But if we take such a fraction as 4, and divide it as above described, 
we get 8 constantly recurring in the quotient, and a little consideration 
will show us that the process of division can never terminate, for there 
is no digit by which we can multiply 3 to obtain a product ending in 0. 


Repeating Decimals. 


Thus } may be represented as ‘3333... 
This quality of perpetual or indefinite repetition is represented 
thus:33: 
Note (1) That . on the line represents multiplication, 3.3 = 9. 
(2) That - above the line represents the dividing mark between 
whole numbers and decimal fractions, 3°3. 
(3) That * above a digit in a decimal represents indefinite repeti- 
tions of that digit, °3. 
(4) That repeating decimals are also known as recurring, circulating, 
and periodic decimals. 
If a group of decimals repeats, the dot is placed only over the first 
and last of the repeating digits, e.g. °142857 = °142857142857142857 ... 
The group of digits which recurs constitutes the period. When all 
the digits repeat, the decimal is called a pure circulating decimal, e.g. 
-34. When some non-repeating decimals are followed by a repeating 
period, the decimal is called a mixed circulating decimal, e.g. 2427, 
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Limiting Value.—A limit is a fixed quantity which a varying 
quantity tends to approach in value, but which it can never exceed or 
even equal, 


Take the case of a polygon enclosed in a circle. The number of the 
sides of the polygon may be increased indefinitely, but the circle will always 
be the “limit” of the polygon, i.e. the length of the circumference of the 
circle will always be the limit of the total lengths of the sides of the polygon. 
The greater the number of sides, the greater the total lengths of the sides, 
but that total will never equal the length of the circumference of the circle. 


When we state that } = -3333333333 ..., 4 is the “fixed quantity,” 
‘3333333333 ... is the “varying quantity,” which tends to approach 
the “fixed quantity” in value. Hence % is sometimes spoken of as 
the limiting value of °3, for it is the value which °3 can never equal, 
but to which it is constantly getting closer, and to which it may get 
as closely as we please. 

How closely ‘3 may get to } may be seen from the following 
consideration. The difference between } and ‘3333333333 ... is 
39000000000 Which fraction of 100 years amounts to only about wo 
of a second, so that, although °3333333333 ... is never (and can 
never be) equal to 4, it is for all practical purposes indistinguishable 
from it. 

When we write that 4 = ‘3333 ..., the sion = is used in a 
restricted sense. The two quantities are not actually equal; they 
“tend to equality.” 

Since the decimal ‘333333 ... seems to “grow out” of 4, the 
latter is sometimes called the generating Jraction of the former. 


The meaning of °9. 
9 = $ = HY 


But ‘9 is a decimal, 7.e.a quantity less than unity (p. 101), and we 
have made it equal to unity. How is this apparent contradiction to 
be explained ? 

Now, *9 denotes 99999999 . . . to infinity ; while - 


‘9 = 7, which is less than unity by 4 
“99 = i> ” ” 9 100 
999 = 4999, » » 1000» etc. 


t.e. for every additional 9 the difference between the decimal and unity 
becomes 5 of what it was before, which means that 9 is constantly 
approximating to unity, but is never unity itself. 

Unity is the limiting value of “9; it is the value which -9 can 
never exceed (and, indeed, can never equal), but to which it is 
constantly approaching, and to which it may approach as closely as 
we please. 

9 differs from 1 by a quantity which is less than any assignable 
quantity however small, and therefore it may be considered as equal 
to 1. 
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Note.—When °9 occurs at the end of a decimal, it should be omitted, and 
the preceding decimal increased by unity. Thus— 


OS eal 
079 = '08, etc. 
To convert a Pure Recurring Decimal into a 
Vulgar Fraction. 


Example.— Convert ‘3 into a vulgar fraction. 
The decimal = °3333... 
From ten times the decimal, which = 3°383... 
take the decimal itself, which = ‘303... 
Then the remainder, or nine times) _ 9. 
the decimal ok 
., the decimal —#=4 Aas. 
Example.—Tind the generating fraction of 621. 
The decimal = 621621621... 
From 1000 times the decimal, or 621°621621... 
take the decimal itself, or “621621 coos 
Then the remainder, or 999 one RoI 
the decimal ike 


Note that we multiply by such a power of ten as will bring all the 
digits of the period to whole numbers. 
Rule for the conversion of a Pure Recurring 
Decimal into a Vulgar Fraction. 


For the numerator, take one of the periods. 

For the denominator, put down as many nines as there are 
decimal places in the period. 

The following alternative verification will be of interest to the» 


more advanced student. we 

Take a pure circulating decimal, such as “31. 

37 = ‘873737387... 
37 37 37 37 
= 700 T 1002 * 1008 * 1008" 
which is a geometrical progression decreasing for an infinite number 
of terms, with ;},5 as a common ratio, and 7h as the first term. 
37 37 37 37 
Then the sum = 755 T {oo2 too! t Goo?” 


o7 37 oT 


then zd> of the sum = + + 


1002 © 1003 ' 1004" ** 
By subtraction, ;°9, of the sum = 745 
and the sum itself = eal x Sate 37 


409° 99 ~ 99 
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To convert a Mixed Recurring Decimal into a 
Vulgar Fraction. 


Example.— Convert 73 into a vulgar fraction. 


the decimal = °7883833... 
from 100 times the decimal, or 73°3333... 
take 10 “ * OF Wood eee 
‘then the difference, or 90 times the decimal = 66° 


oy) Oe 
.. the decimal = a = 16 Ans. 
Example.— Convert :056 into a vulgar fraction. 
The decimal = -056565656. ... 
from 1000 times the decimal, or 56°565656... 
take 10 as . or: “b66aGT a 
then the difference, or 990 times the decimal = 56° 


.”. the decimal = $8 = 28 Ans. 


Note that we first multiply by such a power of ten as will bring all the 
digits of the decimal to whole numbers, and then by such a power of ten 
as will bring the non-repeating digits to whole numbers. 


Rule for the conversion of a Mixed Recurring 
Decimal into a Vulgar Fraction. 


(In the rule given below, all digits are to be considered as whole 
numbers. ) 


(1) Hor the numerator, subtract the non-repeating digits 
from the whole. 

(2) For the denominator, put a nine for every repeater, and 
after the nines put a nought for every non-repeater. 


Example.—Find the generating fraction of 5*161881. 


Ouse 161881 — 16 
. pee ca — 416 : 
oS 161881 =o 999900 999900 


The kind of Vulgar Fractions that will produce 
Terminating Decimals. 


We have seen that a vulgar fraction may be converted into a 
terminating decimal if a number can be found by which both nume- 
rator and denominator may be multiplied so that a power of 10 may 
result as the new denominator (p. 121). So, if the denominator of a 
given fraction is such a number that when multiplied by some other 
number the product is a power of 10, then that given fraction is 
convertible into a terminating decimal. 

What we have to discover is: What are the digits which when 
multiplied by some other digit produce a power of 10? 

Now, 10 is a power of 10 (p. 67), so we may restate our problem 


E 2 
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more simply thrs: What are the digits which when multiplied by 
some other digit will give 10, or, more simply still, what are the prime 


factors of 10? 


Excluding itself and unity, the only prime factors of 10 are 2 and 5. 


So if the denominator of a fraction wm tts lowest terms con- 
tains no other prime factors than 2 or 5, or 2 and 5, then that 
fraction will produce a terminating decimal. 


Thus the following will produce». And the following will produce 


terminating decimals :— 


7) Se 5 
8 PS er ps day 6 
igi tee 1 
ONS Re Ne ta Se) 15 
Bae age 13 157 
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recurring decimals :— 


37 


T0-~B3x5xXx5xX5Xe 


Note that the fraction must be in its lowest terms. At first sight we might 
think that such a fraction as 38 would produce a recurring decimal because 


its denominator evidently has 19 as a factor. 


disappears on reduction to lowest terms. 


19 x 2 


19 x5 Thus 19 


But 3 = 


To determine the number of digits in the finite decimal obtainable 


from an equivalent vulgar fraction. 
Consider the following cases :— 


(9) 
Vv 


(2), Bo arhae 
Bex Ds xD 
Peer eax bX Db & 5 


II 


39 
BP oo 
(0): 3600 —omeeemiee se BK acd 
39 x 2 


~O9x2x2x2x5x5x5x5 


ES 
~ 10000 


= ‘0078 


Since 2 occurs 3 times in 
the denominator, in order 
to change 2 X 2 X 2 into 
10 x 10 X 10, we multiply 
numerator and denomina- 
tor by 5 X 5 X 5. 

Hence because the factor 
2 occurs 3 times in the de- 
nominator, there will be 3 
digits in the decimal. 


Because 5 occurs 4 times 
in the denominator, in order 
to change 54 into 10! we 
multiply by 24; but as 23 is 
already present in the de- 
nominator, it is necessary 
to multiply only by 2. 

Hence because the factor 
5 occurs 4 times, there will 
be 4 places in the decimal. 


Note that when 2 and 5 both occur, that factor which occurs the oftener 
will determine the number of places in the decimal. 


- From such examples as the above we deduce the following :— 
The number of digits in any finite decimal is the same as the 
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greatest number of tumes that either of the prime factors 2 or 5 
occurs in the denominator of the equivalent vulgar fraction when 
expressed in its lowest terms. 


Every vulgar fraction in its lowest terms not 
having twos or fives as prime factors of its denomi-— 
nator must produce a pure circulating decimal. 


Every vulgar fraction must produce— 
(a) A terminating decimal, or 
(6) A pure circulating decimal, or 
(c) A mixed circulating decimal. 

Since the fraction does not have 2’s or 5’s in its denominator, it 
cannot produce a terminating decimal (p. 125). 

If it produced a mixed circulating decimal, such a circulating 
decimal, when reduced to a vulgar fraction, would have at least one 
nought following the 9 or 9’s in the denominator. The denominator 
would thus be a multiple of 10. But the denominator cannot be a 
multiple of 10, because it does not have 2 or 5 as prime factors of its 
denominator ; so it cannot produce a mixed circulating decimal. 

Thus it has been seen that the fraction in question cannot produce 
a terminating or a mixed circulating decimal. Therefore it must 
produce a pure circulating decimal. 


The Number of Digits in the Period of a Pure 
Circulating Decimal. 


Let us consider the number of possible digits in the pure circulating 
decimal of which 4 is the generating fraction. 

In dividing by 7 the only possible remainders are 0, 1, 2, 3, 4, 5, 
or 6. Such remainders as 7, 8, 9 are impossible, for every remainder 
must be less than the divisor. 

If 0 occurs as a remainder the decimal will terminate, which leaves 
us with the following possible remainders for the non-terminating 
decimal: 1, 2, 3, 4, 5, 6, 7.e. s¢@ possible remainders in all. 

If the division does not terminate when all the six have occurred, 
the next remainder must be the same as one of the remainders 
previously obtained, and the next digit in the quotient will be the same 
as one of the previous digits in the quotient, 7.e. the decimal will now 
begin to repeat. It is evident that a /imited number of digits must 
repeat in the quotient, and in this case the limit is 6, 7.e. one less than 
the denominator 7. 

If D =the denominator, then the possible remainder may be 
1, 2, 3,4... (D-—1) te. the maxtmum number of different 
remainders is (D — 1), and therefore the maximum number of digits 
in the decimal before recurrence commences is (D — 1), that is, the 
maximum possible number of digits in the period is at least one less 
than the number indicated by the denominator of the vulgar fraction. 

Note that the number of repeating digits cannot exceod the limit above 
defined, and may be less than this limit. 
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Thus 4 = °3 (one digit, not two) 
4 = 16 (two digits, not five) 
i= 0099 (four digits, not one hundred) 


The Complementary Law.—If a vulgar fraction in 
its lowest terms produces a circulating decimal having an even 
number of places in its recurring period, then the last half of 
the digits of the recurring period may be found from the first 
half by subtracting in regular order the known digits from 9. 


Thus, having found that +8 = 94117647058 ... , we see that with 
the digits 058, the complement of the first part is appearing, for 941 
+ 058 = 999. We thus infer that the second seven is the last digit 
of half the decimal. Subtracting 9, 4,1 respectively from 9 we re- 
obtain 058, which have been already found. Subtracting 1, 7, 6, 4, 7 
successively from, 9, we find the remaining digits, 8, 2, 3, 5, 2. 

Hence 4% = -94117647058823852. 

This law, however, holds good only if the denominator be (1) prime, or 
(2) the product of primes none of which by itself yields half the whole 


period above referred to, or (3) the product of the primes in (2) witha 
power of 2 or 5 or both. 


The Number of Repeating and Non-repeating 
Digits in a Mixed Circulating Decimal. 

The number of non-repeating decimals will always be equal to 
the highest power which either of the factors (2 or 5) has in the 
denominator (p. 126). 

The number of repeating decimals will be at most one less than 
the number indicated by the denominator (p. 127). 


Cyclic Order. 


The repeating decimal -i42857, of which 4 is the generating 
fraction, deserves attention. 

(1) Arrange these digits inside a circle, as shown. 

(2) Note the order of the digits in ascending magnitude, as shown 
by the Roman numerals outside the circle. 

(3) If we begin with 1 (the first in order 
of ascending magnitude) and read off the 
digits inside the circle, we get ‘142857 = 4. 

(4) If we begin with 2 (the second in 
order of ascending magnitude) and read off, 
we get °285714 = 2. 

(5) Similarly— 


‘A28571 = 3 
571428 = 4 
‘714285 = $ 
857142 = $ 


4 


Note.—The student should learn in order the digits 142857. If he has to 
bring + to a decimal, he should say 7 into 40 goes 5. Five then is the first 


digit of the recurring decimal, and $ = *571428. 
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Tieason for this cyclic property. 

If we show the quotients and remainders, we shall see at a glance the 
reason for this cyclic property. We can state thus : 13, 49, 2¢, 84, 5;, 7), where 
the large digits on the line represent the quotients, and the small digits below 
the line the remainders. 

In dividing | by 7 (in reducing + to a decimal) we get a remainder 3. 
We have now to divide 3 by 7, and this is just like having to bring ? to 
a decimal, and so on with the rest of the quotients and remainders. 

Note that the remainders (expressed by the small digits below the line) 
are in exactly the same order as the Roman numerals on the circumference 
of the circle. 


The repeating decimals of which 4, 3%, etc., are the generating 
fractions, can also be similarly treated. 


ds = 076923 k 
ts a 2 . *153846 
3 = *230769 
fs = 307692 eae 
vs =— "384615 
f= 461538 
i= 538461 
= 615384 
as = °692307 
42 = +769230 : 
= 846153 


He 
che 
I] 
COs 
| 2) s 
iss) 
(=) 
«J 
on) 


Note (1) That these digits fall into two classes, as shown above. 
(2) That the order of the digits in ascending magnitude is shown 
by the Roman numerals outside the circle (cf. p. 128). 


Suppose we find -307692 in a sum. We recognize it as one of 
the “thirteenths,” and we have next to determine to which group 
of thirteenths it belongs. 

Now, 13 divides into 40 three times, and also into 50 three times, 
so the fraction might be ;4 or °;. To determine which, carry the 
division to the second place, when it will b2 at once seen that jy is 
the fraction required. 

Examining once more the three circles, we note that the sum of 


two opposite digits is in every case equal to 9. Consequently such 
expressions as ‘428571 and ‘076923 really resolve themselves into 
two halves, ‘428 | 571, 076 | 923, and when we have found the 
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first half we can find the second by subtracting the digits already 
found from 9. Thus in 428571, 9 — 4 = 5, which is the digit in the 
fourth place; 9 — 2 = 7, which is the digit in the fifth place; and so 
on. (See also p. 128.) 


Additional methods for the reduction of mixed circulating decimals 
to vulgar fractions, and vice versa. 


Example.— 
Reduce *276428571 to a vulgar fraction. 
‘ . 2762 (7 X 276) +3 
° OR ear. Sues oy saa == 1 O'S eee 
276428571 = 276% = 1000 = 7000 = 4335 = J87, Ans. 


Or another and perhaps better method— ; 
‘276428571 = -276 + -000428571 


Par 276 2 
~ 1000 ° 1000 
TO XT 3 

~ 7000 ° 7000 
1935 _ 387 

~ 7000 +1400 “"* 


Example.— Convert ;', into a decimal. 
17)1°00(-0588235 
150 


140 
40 
60 
90 
5 


vv = °0588235.5, 
This 3%, represents, not 7 of unity, but ;, of the unit to which the pre- 
ceding digit 5 refers. In this case it represents ;°, of one ten-millionth. 
Now, ha — °05882356, x 5 
= ‘2941176, 
80 zy = 0°58823529411768, 
Now, 3% = *470588235294114% (i.c. jt x 8) 
So 7y = '0588235294117647 | 058823529411 
The digits are obviously beginning to repeat. From p. 127 we know that 
the maximum number of repeaters is 16; so we can write— 
dr = °0588235294117647 Ans. 


THEORY. 


1. Prove the rule for reducing a pure recurring decimal to a vulgar 
fraction. (C.w. and K.S8.) 

2. What is meant bya ‘pure,’ and what by a “ mixed” circulating 
decimal? State and explain, by an example, the rule for converting 
the latter into a vulgar fraction. (0.W., C.P., 0.8.L., 0.8., and C.M.) 
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3. Prove that ‘32 = 2%. (c.w.) 
4. Without assuming the rule for the conversion of a circulating 


decimal into a vulgar fraction, determine the fraction which is equiva- 
lent to the decimal 12345. (0.s.1.) 


3 
5. Show that ee pee I How does this suggest 
a rule for reducing a pure recurring decimal, with two recurring 
figures, to a vulgar fraction? (c.m.) 


6. Explain clearly the reasons for the statement that ‘3 is equal 
to}. (0.8.L. and 0.3.) 

7. In what sense can -9 be said to equal unity? (c.m. and p.1.) 

8. For what is -309) an abbreviation? Supposing this decimal 
written in full, what fraction of the value of the 3 is the value of the 
second 9 from the point? (P.7.) 

9. Define (i.) a vulgar, and (ii.) a decimal fraction. Explain what 
vulgar fractions reduced will give (i.) terminable, and (ii.) recurring 
decimals. (C.P.) 

10. If a vulgar fraction has to be converted into a decimal, how can 
it be determined by inspection of the denominator whether the decimal 
will terminate or not? (0.3.) 

11. Show that, if the denominator of a vulgar fraction has a prime 
factor other than 2 or 5, the equivalent decimal cannot terminate. (L.M.) 

12. Prove that every vulgar fraction which refuses to be reduced to 
a terminal decimal can be reduced to a recurring decimal. (C.M.) 

13. Explain why all the fractions }, 2, 3, 4, 8, §, when reduced to 
recurring decimals, contain the same digits in the same order. (t.m.) 

14. If the sum of }4+-}+1 be reduced to a decimal, will it be 
terminating or recurring? (C.P.) 

15. How can you tell, by inspection of a vulgar fraction, the number 
of recurring and non-recurring digits in the decimal it will give rise 
to? (c.s.) 

16. A vulgar fraction in its lowest terms has 21 for denominator. 
Prove that, when changed to a decimal, the result must be a pure 
circulating decimal, (1.1.) 

17. In bringing }, to a decimal, show why the number of figures in 
the circulating period cannot be greater than 16. (c.w.) 

18. Give an example of a vulgar fraction such that the equivalent 
decimal has an infinite number of figures; and show that the significant 
figures must always repeat themselves before their number becomes as 
great as the denominator. (L.M.) 

19. Show how it may be known by simple inspection that 1 = 1420857 
is incorrect. (I.1.) 

20. Explain the rule for converting a recurring decimal into a 
vulgar fraction. Find the limit, when an infinite number of terms is 
taken, of the following series: 4, + 128q + qpéhap etc. (0.8.) 
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EXERCISE XVIII. 
Reduction of Vulgar Fractions to Finite Decimals and vice versd. 


1. Express as decimals }, 4, 4, 5%, 2), 735. 

2. Find decimals equivalent to #, 48, 13, sit, 3982, ado. 

3. Express the following as vulgar fractions in their lowest terms: 
‘T, °75, -4125, 17°28, ‘0875, 5:072, :059, °03125, -0064, -0000725. 

4. Simplify 344, x 13, x 184; amswer in decimal form. (c.w.) 

5. Write down the following fractions in a decimal form: 7, 2%, 


toeg05 > find the product of 1:005 multiplied by ‘097, and the quotient of 
0036 divided by ‘0144. (s.x.) 
552 923 

Bx Ox ge PT) 

7. Express as a decimal!+44+74,+,);. (K.8.) 

8. Find the fraction with denominator less than 1000 which 
approximates most closely to 3:14159. (c.s.) 

9. Find the value of 77, + % — 195 + iby, and express the result as 
a decimal of 120. (P.T.) 


10. Express ? and ?33 as decimal fractions to 5 places; and prove 
that their difference is about { 3; per cent. of either of them. (x.m.) 


6. Express as a decimal 


EXERCISE XIX. 


Reduction of Vulgar Fractions to Repeating Decimals and vice versd. 


1. Express as decimal fractions 3, &, Ht, 2%, Qi. 
2. Find the decimals which represent 3, 1, ;¥., 89, 53. 


3. Convert the following into vulgar fractions: -3, -i4, -4275, 
3:285714, :0423. 


4. Find the generating fractions of -67, 5:°0909, 7:653i, -093i8, 
‘78375. 


5. Convert }? and $4 into decimals. (c.8.L.) 
. Express as decimals 5 + $+ yyy; 13 e353 and §. (P.7.) 
- Reduce 7349355 (i.) to its lowest terms, (ii.) to a decimal. (c.p.) 


6 

7 

8. Reduce wi and os to decimal fractions. (L.M.) 
108 999 ? “29 

9. 


Express decimally j, and }, and deduce the decimal expressions 
of #2 and 2’. (c.m.) 


10. Find the sum of the fractions #, 15, tio 1 .. ., there 
being no limit to the number of these fractions. 1p00000 
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+1 _ 2% — 13 


11. Simplify 82-4833 12 of 17 


decimal. (c.w.) 


and express the answer as a 


__ 12. Find the fractions respectively equivalent to the decimals 09, 
09, and ‘0009. (c.P.) 


18. Convert -04546 into a vulgar fraction, and prove the correctness 
of the method you adopt. 


14, Write down the fractions equivalent to -4, -15, :255, and 17°756 
respectively, and express them in their lowest terms. (C.P.) 


15. Reduce :2345 to a vulgar fraction, giving the reason for aach 
evep in the process. (L.M.) 


CHAPTER XI. 


REPEATING DECIMALS: THE FOUR 
RULES. 


Addition and Subtraction of Recurring Decimals. 
I. Pure Recurring Decimals. 


Suppose we have to add ‘19 and ‘213, we could reduce the circulating 
decimals to their equivalent vulgar fractions, but a little consideration will 
reveal a method which will be found shorter and more likely to be accurate. 

"19 repeats in periods of two digits, ‘213 in periods of three digits. Thus— 


191919 | 191919 | 191919 
213213 | 213213 | 213213 


Note that there is a recurrence of the same group of decimals after every 
six places, and also that six is the L.C.M. of 2 and 3. 

Try two such decimals as ‘213 and -4178, and note that there is a recur- 
rence of the same group of decimals after every 12 places of decimals: also 
that 12 is the L.C.M. of 3 and 4. 


Hence the following Rule for the Addition (or 
Subtraction) of Pure Circulating Decimals :— 

(a) Find the L.C.M. of the number of places in each 
circulating decimal. 

(4) Write each decimal for that number of places indicated 
by the L.C.M. 

(¢) Proceed as in ordinary addition (or subtraction), taking 
care, however, to extend the decimals at least one place (and 
preferably two places) to the right in order to find the digit to 
be carried to the first column at which we commence. 

(d) The decimal will repeat for the same number of digits 
as are indicated by the L.C.M. 


Example.—Find the sum of °3, 06, ‘718, ‘9134, 


"DODO OOOOOORRI0 « « The number of decimal places is 1, 2, 
‘0606060606060... 3, 4respectively. The L.C.M. of 1, 2,3, 
-71871871871817 4 is 12, and there will consequently be 
; 7 9 nea 12 digits in the repeating decimal. 

213421342134/2 ... Continue the decimal to the 13th 


a place, in order to “ carry’ the correct 


1:326079454792 Ans. digit. 


In cases where the sum of the extra column exceeds 15, it is advisable 
to carry the decimal out to yet another place. 
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II, Mixed Circulating Decimals. 
The following investigations will help us :— 
"142857. . 
"1428571, > on reduction, will each be found equal to + 
14285714) 
*142857142, etc., ete. 

Hence, the period of a recurring decimal may be considered 
as beginning to recur from any one of its digits if we consider 
the preceding digit or digits as non-recurring. 

Now, apply this to the following: Find the sum of 16°847, 4:329, 
046. 
First write thus— 
The non-repeating digit 3 interferes with 


16°847847... the regularity of the recurrence so far as the 
43929292 first place is concerned. Similarly, the non- 
sky recurring digits‘04 interfere with the recur- 
046666... rence in the first and second places. Hence 


there can be no recurrence, at any rate, till 


16°84 after the second place. 
4°32 Draw a vertical line after the second digit 
“04. in order to mark the beginning of the circu- 
er lating column. 
16°84 needs The number of circulating digits is 3, 2, and 
4°32)929292)9 1 respectively: the L.C.M. is 6; therefore the 
°04|666666/6 number of places in the circulating period will 
Li aa be 6. 
21°22380744 Ans. Repeat to six places andone more. Proceed 


as in addition. 


Hence the following Rule'for the Addition (or 
Subtraction) of Mixed Circulating Decimals :— 


(a) Write the decimals so that their periods commence at the 
same place. Draw a vertical line. 

(b) Find the L.C.M. of the numbers mdicating the number of 
lecimal places in the recurring period of each decimal. 

(c) Continue each decimal to that number of places indicated 
by the L.C.M. Draw a second vertical line. 

(d) Add (or subtract), taking care to obtain the “ carrying” 
digit as explained on p. 1384. 

(e) The digits between the two vertical lines will constitute the 
recurring period. 

It sometimes happens that the sum (or difference) of recurring decimals 
constitutes a terminating decimal. 


Multiplication. 


I. To multiply a recurring decimal by a single digit. 
Proceed as in ordinary multiplication. 
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Example.—5:16 x 7. 


2 ie m2 Carry the decimal two places beyond the end of 
the period, so as to ensure the accuracy of the last 
RMP digit retained in the answer. 
36°16 Ans. 


II. To multiply a recurring decimal by more than one 
digit. 
Example.—5:16 x 77. 


5°16/66... 
Li hs Proceed as in multiplication of finite decimals, 
————— making allowance, however, for the “ carrying” 
36°16 digit. 
361°6 
516/66 
77° 
oi Before adding, repeat the decimals in the pro- 
36°16)/66 ducts in order to ensure the accuracy of the 
361°66|/66 “ carrying’? digit. 


397°83 Ans. 


III. To multiply two recurring decimals together. 
Example.—42'18 x -28 


arr vac 
then 42°18 x 28 se 42-18 x 13 
42°181818 
13 ¢ 
45)548°363636(12°185 ae so 
Sua “aie: 
98 ap : 
90 ; eS 
cs es ey ee 
= \ a) CS 
a ee 
Saoe. Pag IS . 
386 S 
360 aC Bs 
263 
225 
o, Ans. 12:85. 


Division. 
I. When the divisor is a whole number or a terminating 
decimal. 
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Example.—872 + 288. 
288)8°727272(-03 Ans. 


864 
ae Proceed as in division of terminating 
872 decimals, but bring down the digits of 
864 the repeating period instead of ciphers. 
8 


Example.—51°6 -~- 03. 


516 516 100 51666 — y-oo.8 
08 3100 = eee 


II. When the divisor is a repeating decimal, it is as well to 
reduce to vulgar fractions. 


Note.—The contracted methods of Chap. IX. may all be applied to ques- 
tions involving recurring decimals, for the decimals may be extended to as 
many figures as the conditions of the question necessitate. 


EXERCISH XX. 
REPEATING DECIMALS. 
Addition and Subtraction. 
1. 1-012 + 2:12 + 3-0123. (0.8.1.) 
2. Find the sum of 874, °32, 567, :056, -17, and -4304122. (c.w.) 
3. Add together 4°5, 5:6, 7°16, and 8-279. (c.P.) 
4. Add, without reducing to fractions, ‘72, 2°83, and 15-990 together, 


giving the result (i.) in the form of a recurring decimal, (ii.) in that of 
a fraction. (C.P.) 


5. Reduce the following fractions to decimals, and add the resulting 
decimals together: %, gidwo, #- (C-PR.) 

6. Convert 137, 5255. 21d agh5 into recurring decimals, and add together 
the three results. (C.H.L.) 


7. xpress 2°3456 — 1-:23456 as a circulating decimal. (0.8.L.) 
8. Subtract :008411775 from the sum of :21487 and ‘01426. (c.P.) 


9, Subtract -695238 from °6, and express the result as a vulgar 
fraction in its lowest terms. (C.P.) 


Multiphcation. 
10. :009 x 90°81 x 1:2. 
11. -678923 x -285715 x 10-1. 
12. :142857 x -285714 x 5-4. 


138 ARITHMETIC 


18. 33x 4:45. (c.P.) 
14. Find the exact product of 12°3 and 8-045. (u.m.) 


15. Multiply 003 by -010203, giving the result accurately as a 
decimal, (c.P.) 


16. Multiply -36 by -36, and give the result in the form of a vulgar 
fraction in its lowest terms. (C.P.) 


17. Multiply -18243 by 140008 without changing the decimal to a 
vulgar fraction. (C.P.) 


18. Multiply 3-14159 by -142857 correctly to 7 places of decimals. 
(C.M.) 


19. Multiply 1-381 by 8:3 without reducing them to vulgar fractions. 
(C.M.) 


20. Find the value of 1:054 x 1:174603 x 1°615384. (c.s.L.) 


21. Multiply -1116 by 43°749853, bringing out the product correct to 
8 places of decimals. (c.s.) 


22. Multiply 1076923 by -43, (1) by converting each decimal into a 
vulgar fraction in its lowest terms, multiplying these together, and 
reconverting their product into a decimal; and (2) by multiplying the 
decimals as they stand, without converting either of them into a vulgar 
fraction. (C.H.L.) 


Division. 
23. 10°285714 + 288. 
24, 5:3 ~ 2:3. 
25. -009 + 063. 
26. 6°3 + 1-4 x -142857. 
27. Divide 2635-49 by :01235, and 13-06 by 0326. (c.H.1.) 


28. Divide -01090 by 30:25 without converting the decimals into 
vulgar fractions. (C.S.L.) | 


29. Divide 0000273 by -603. (c.H.1.) 

30. Divide -Oi by -000i, and 5-43 by 44:45. (c.pP.) 

31. Divide 16-0524 by -001008, and 3882°57 by 31°56. (c.w.) 

32. Express 4, as a decimal fraction, and find correct to 4 decimal 


places a (0. and C.S.¢.) 


38. Divide 4:83 by 6:4 without reducing to vulgar fractions, and 
reduce 3 to a recurring decimal. (c.w.) 


34. Simplify 247 x 12) x 1fj%, and divide 1- 253 by 94, giving the 
answer in decimal form. (c.w.) 


35. Multiply 3:54 by 7:142857, and divide the product by 2°3045, the 
result being given correct to four decimal places by the shortest method 
you can select. (8.A.) 
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36. Find the sum, and also the difference, of -0227 and ‘i. Divide 
the first result by the second, and give each of the three results (1) asa 
vulgar fraction, (2) as a decimal. (c.s.) 


37. Find the value of 2°3040709 + 6-07650208 — 4758803 without 
converting the decimals into vulgar fractions, and divide the result by 
33°62142857. (C.H.L.) 


388. Find, correct to 5 places of decimals, the sum of 3°27 +. 1°7, 
"00327 + 17, 327 +- 0017, and 3:27 +1:7. (c.P.) . 
39. Divide 00012 by the product of 0021 and 523809. (x.m.) 


40. Convert ,}, into a decimal; and find, to 4 places of decimals, the 
value of (-3673 — :256) + (4°6 + 2°527). 
Multiply -002105 by 48-3 without converting into vulgar fractions. 
(C.8.L.) 
41. Obtain in decimal form the value of— : 
12 Of (00041625 + -037 + % of -012638). (c.P.) 
42. Express 725 x -0164 + (3:36 + 1:237) as a circulating decimal. 
. (0.8.L.) 
43. Express j; as a recurring decimal, and simplify— 
3°36 x ‘0143 + -(12345679. (c.s.1.) 
44, Find to 2 places of decimals (4°73 + 31-2581) + (12465 — -54). 
(c.P.) 
45. Divide -01234 by *2347 to four decimal places, and express 
pate O1287. in its simplest form. (c.P.) 
1:27 
946-980 , 4) 
fede epee 
18, T1-—36 . 7:25 of 36 
i ; 5q Of ———_, of —____-.._ (LM. 
47. Find the value of 59 of Saba aol oO 10°795 ( ) 
48. Express (‘i)? as a repeating decimal. (R.U.1.) 
4°75 li 17-7 


46. Simplify (C.8..) 


49. 13 of 126 of 5078195 > 16-35" (L.M.) 
. 50. Reduce to a single decimal (3 of 297 + 2 of ‘007) x eee 
a : 1215571428 
(C.S.) 


EXERCISE XXI. 


Problems involving Repeating Decimals. 
1. A man owns # of a ship; he sells -135i of his share. What 
fraction of the ship does he retain? (c.J.) 


2: A owns °396 of an estate, and Bthe remainder. Whatis the value 
of B’s share of it, if the estate be worth Rs.4014 Sas. ? 


3. A railway train is moying at the rate of 27-37 yards per second. 
How many miles an hour is this equivalent to? (c.g.) 
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4, The value of :1625 of a field at Rs.255 per acre is Rs.600 
13as. 6p. How much is the field worth? If the area of the field is 
"0805 of the area of the farm to which it belongs, what is the area of 
the farm? (c.P.) 


1 DO. A woman has a certain number of eggs; she sells -3 of the number 
and one more to one person ; ‘3 of the remainder to a second person; ‘5 of 
the remainder to athird person: after these sales she had 15 eggs left. 
ow many had she at first? (P.7.) 

\_ 8: How many pounds of tea can be bought for £5, if -063 of 5:5 Ibs. 
cost °416 of ‘16 of a guinea? (C.S.L.) 

\-7. A boy is told to find -61 of a sum of money. He finds 61 
instead. Is his result too large or too small? If the boy’s error 
amounts to 6d., what is the sum of money? (cC.M.) 


8. After purchasing goods to the value of £60, a man has spent 


ieee 12 5 ares : 
: Ss 22 Diets 8 aes 2 fh . 
3 {1A ee ate 31 — 61 of (: “y =) of his money 


9 


How much has he left? (C.M.s.) 


9. One clerk has 72°625, and another has 41:375 sheets to copy; 
they call in athird clerk and agree to divide the work equally between 
the three, and to pay the third clerk at the rate of £0083 per sheet. 
How much will the third clerk receive from each of the two others ? 

(C.w.) 


10. Divide £47 17s. 61d. by 38727272 . . . , and express in a decimal 
form the ratio of £143 to the quotient. (8.K.) 


Ll. If -12775 of -21917808 of 1 cwt. 18 lbs. of coal costs -39875d., what 
is the price per ton? (C.8.) 

12. A clerk’s salary is each year increased by -[49857 of that which 
he has received for the previous year, and for his fourth year of service 
amounts to £120 1s. Find what it is for his seventh year, and express 
his first year’s salary as a fraction of his seventh year’s salary. (C.8.) 


13. There are two maps of the same estate, one is 6 in. to the mile, 
and on the other ‘Oi sq. in. represents a rood; one map is 17 sq. in. larger 
than the other. How many acres are there in the estate? (s.A.) 


14, Show that there are two vulgar fractions which, in their lowest 
terms, have 148 for denominator, each one of which is equal to a decimal 
consisting of two non-recurring figures followed by °567. (C¢.P.) 

15. A fraction when reduced to a decimal consists of two non-repeat- 
ing figures followed by ‘783, and has 148 for its denominator, and the 
numerator is 3 of the number expressed by the non-repeating figures, 
Find the numerator of the fraction. (C.s.) 

16. A number of sheets of paper, each -00456789 in. thick, are taken 
so that the aggregate thickness just exceeds 9°8765 in. Using decimal 
fractions throughout, find the amount of the excess. (8.A.) 


CHAPTER XII. 


VULGAR FRACTIONS AND CONCRETE 
QUANTITIES. 


To find what fraction one concrete quantity is of 
another of the same kind. 


Example.— What fraction is 9s. 10d. of 13s. 5d. ? 


We have to consider which quantity is to form the denominator, 
which the numerator. From the question, 9s. 10d. is to be put in 
terms of 13s. 5d., z.e. 9s. 10d. is to be named as a part of 18s. 5d., 
i.e. 138s. 5d. is to be the naming part of the fraction. Hence 13s. 5d. 
is put in the denominator, 9s. 10d. in the numerator. 


9s. 10d. 2 T16ds 15 
isn cde pee 
Example.— What fraction of a guinea is £5 4s. 9d. ? 


The guinea is to be the naming portion of the fraction: hence it is 
placed in the denominator. 
£5 4s. 9d. £558 ABP gio huang 
f11s.0d. Ligy> 8 oe o4 
Note (1) The greater quantity does not always form the denominator. 

(2) The second quantity is not necessarily in the denominator. 

(3) The only difficulty is to determine which quantity is to form 
the denominator. Itis the quantity which is to give its name 
to the fraction, and it generally appears after some such 
expression as “ part of,” “fraction 0/.” 


Example.— What fraction of 8 lbs. 8% oz. avoirdupois is 743 of 
10 oz. 18 dwt. 11 grs.?  (c.P.) . 
743 of 10 oz. 18 dwt. 11 grs. _ 160 x 5248 gers. 
8 lbs. 83% oz. avoir. 91 x (83 7000 + 8 xX 3) ors. 
f 15 x 16 

_ 160 x 5248 gers. 
= 21 x BOTBBE ars. 
_ 160 x 5248 x 38 
~ 21 x 179200 
= 195 Ans. 


Note.—Do not endeavour to find 74? of 10 0z., ete. Work as shown above. 
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. Example.— What decimal fraction of a ton must be added to 
‘7857142 of 1 cwt. to make it equal to 6 qrs. 11 lbs. ? 


Take a simpler example, e.g. “ What fraction of 8 must be added 
to 10 to get 12?” The number to be added is 2, and this is + of 8; 
.. the fraction = 4. 

Expressing this in fractional form, we have— 


12 — 10 


. Comparing the two problems, 8 represents 1 ton, 10 represents 
7857142 of 1 cwt., and 12 represents 6 qrs. 11 lbs. 


Substituting, we have— 
6 qrs. 11 Ibs. — -7857142 cwt. 172 owt. — 1 cwt. 


Se ZERO ed Aig oe) 2) 
1 ton 1 ton 
eS Tis cwt. 345 
20 cwt. 20 
od Ve Aas 
= g8i0 = stb 


= 040625 Ans. 


EXERCISE XXII. 


Vulgar Fractions and Concrete Quantities. 
1. Find the value of 4! of Rs.106 14as. — 34 of Rs.221 12as, 
2. Find the difference between , of a half-guinea and 1! of a half- 
sovereign. (P.E.A.) 
3. By how much does (j, + 3) of £5 exceed (f, — }) of £5? (p.m) 
4. Subtract 7, of Rs.119 from }3 of Rs.178 4as. (c.P.) 


8. Find by what amount the sum of 2) of Rs.28 Tas. 9p. and 48 of 
Rs.35 la. 9p. exceeds 44 of Rs.53 18as. 8p. 


6. Find, to the nearest penny, the value of } of 9s. 7d. + lof £1 6s. 9d. 
—iof14s. 6d. (c.8.1.) 


Bi, — 18 of 12 
41 — 94 of 11 


3 Pee Ey OR NY, 
8. Find the value of SS a of 9s. 1d. (c.w.) 
9. oe ; on eee (5 Re eS (i — 4) of £1 15s, — (8 + 2 of 8) of 1s. 4id. 
— ~ of # of a farthing. (c.P. 
10. — of $9 of 11 hrs. 5f, min. (p.7.) 
Vines See) 
a= 4 


11. Find the value of 1} x 4; x 48 x # of 8ac. 1rd. 80 po. (o0.R.) 


of £39 17s. 4d. (c.8.1.) 


7. Simplify the expression 
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12. Find the value of 3 of 203 yds. + 2 of 183 yds. + 3 of 20 yds. at 
3as. Op. a yard. 


13. Subtract 7, of 23 mi. 7 fur. 18 po. from § of 9 mi. 4 fur, 11 po. 
(C.P.) 
14. Add ¥, of a pound Troy to ;; of a pound avoirdupois, and give the 
result (a) in Troy weight, (6) in avoirdupois weight. (c.s.) 
15. Find the value of ? of 27 mds. 5 seers + 3 of 22 of 1 md. 15 srs. 
— 7, of 87 mds. 4 srs. 


16. Find the value of 3} of of 18 mds. 15 seers — ¥, of 17 mds. 24 
seers — 3 of 13 mds. 5 srs. 


EXERCISE XXIII. 


Reduction of One Quantity to the Vulgar Fraction of Another. 


1. Reduce Rs.3 10as. 8p. to the fraction of Rs.7. 


2. Express 1 yd. 1 ft. 7 in. as a vulgar fraction of 4 yds, 2 ft. 8 in. 
(L.M.) 

3. Reduce 33 yds. to the fraction of a mile. (0.R.) 

4. What fraction is (i.) £3 7s. 6d. of £1000; (ii.) 3h in. of 34 rods or 
poles? (c.P.) 

5. What fraction of Rs.11 4as. is f, of one anna ? 

6. A pound avoirdupois contains 7000 grains Troy. What fraction is 
a pound Troy of a pound avoirdupois? (C.PR.) 

7. A pound avoirdupois contains 7000 grains Troy. What fraction is 
an ounce avoirdupois of an ounce Troy? (c.PR.) 

8. A man runs 47 times round a course 930} yds. long. What fraction 
of 3 miles 3011 yds. does he run? (¢.J.) 

9. Express ? of 5 cwt. 10 lbs. as a fraction of § of 2 cwt. 1 qr. 4 lbs. 
8 oz. (0.S.L.) 

10. What part of £1 4s. 101d. is 3 of the sum of ? of £1 18s. 41d. and 
5 of £6 5s. 3d.? (P.T.) 

\A1. What fraction of £4 6s. 6d. is 3 of £1 4s. — 7, of 19s. 6d.? IfA 

is 2 of B, and C is 2 of A, what fraction is C of B? (c.P.) 

12. Express #, of llas. 3p. +73 of of 4p. — 7 of 7, of 2as. 4p. asa 
fraction of Tas. 6p. 

43. Reduce 7, of Rs.2 ldas. 6p. + 3, of Rs.160 14as. — 8 of Rs.13 18as. 
to the fraction of Rs.84 Yas. 


14. Reduce /, of £23 16s. 8d. + f, of £54 16s. 6d. — 2 of £2 Os. 3d. 
to the fraction of £50, (c.w.) 


15. Reduce 2 mds. 10 seers to the fraction of 15 mds.; and 3 mds. 
30 seers to the fraction of 25 mds. 35 srs. 


16. What part of 18 mds. 17 srs. is § of 1 md. 16 srs. + 7 of 3 mds. 
1 sr. + 7 of 10 mds. 16 srs, ? 
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17. Express the sum of # of si; of a mile + 325 of 11 of L of a furlong 
as a fraction of 13 yds. (P.7.) 


18. If 4% of a guinea be taken from fs Of 3 of £4 11s., what fraction of 
q; of £3 17s. will remain ? (Cc. w.) 


19. What fractional part of three half-crowns is } of 4 of £2 5s. 
+ 375 of 2s. lid. — 3 of 4s. 8d.? (P.7.) 


20. Find what weight is the same fractional part of 2 tons 12 ewt. 
3 qrs. 21 lbs. that £4 6s. 53d. is of £6 15s. 103d. (c.P.) 


21. What fraction of 4s. 7d. will exceed 3 of 52 of 2s. 1d. by 1s. 5d.? 


fi £2 17s. 6d. 2 cwt. 2 qrs. 10 lbs. 
22. Find the difference between £19 18s. 9d. and 12 cwt. Oqrs. 19 Ibs. 


CHAPTER XIII. 
DECIMALS AND CONCRETE QUANTITIES. 


Value of the Decimal of a Concrete Quantity. 


The method employed is so nearly similar. to ordinary reduction 
that an example will suffice. 


Example.—/ind the value of ‘047265625 of a ton in terms of lower 
denominations. (.P.) 


047265625 ton 


20 
94531259Q cw. Note (1) the similarity to ordinary reduc- 
4 tion. 
; (2) that the successive multiplica- 
3°78125QQ qrs. tions do not deal with the 
28 digits in thick type, which 


21°8750 lbs. yield the answer. 
16 


14:000 oz. 
Ans. 3 qrs. 21 lbs. 14 oz. 


Example. — Find the value of 3°3428571 of £49.  (1.1.) 


Since 428571 = 3, and ‘9 = 1, the sum becomes— 
3°33 of £5 = 324 of £4 
= A x 3 = £6 


= £1 13s. 54d. Ans. 


Note that it is necessary to reduce to vulgar fractions. 


To express one concrete quantity as the decimal 
of another of the same kind. 

First Metruop.— Reduce the lowest denomination to a decimal of 
the next higher denomination, and prefix the integral part of this 
higher denomination. Reduce this to the next higher denomination, 
and 80 on, 
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Example.—Reduce 8 qrs. 21 ibs. 14 0z. to the decimal of a ton. 
14 0z.3= 87). 1b. 


28{' | 21°875 Ibs. Contrast this with the last example 
4| 3125 but one, and note that ie 3 qrs. and 
Saep NOISE ATS 21 lbs. which were discarded in the de- 
AS 738125 qrs. scending reduction are inserted im the 


20 (pee *9453125 cwt. example in ascending reduction now be- 
047265625 ton. Ans, 1re us: 
Example.— Reduce £157 19s. 734. to the decimal of £10000. (K.8.) 
12| 75d. 
20 | 19°625s. 
10000 | 157°98125£ 
°015798125 Ans. 
Szconp Mernop.—Proceed just as in the reduction of one quantity 


to the vulgar fraction of another, and then convert the vulgar fraction 
into a decimal. 


This method is often long and tedious, and is not universally recom- 
mended. The student might work the two preceding examples by this 
method, in ordet that the superiority of the first method may be better 
appreciated. 


Example.— Reduce 5 days 16 hours to the decimal of a week. (C.PR.) 
5 days 16 hours 53¢ days 53% _ 17 


1 week ies Tae 
21)170(-809523 
200 
110 
50 
80 e e 
LT. Ans. °809523. 


Decimalization of Money. 


This may be done in a way similar to ordinary reduction. 
The following examples explain the method :— 
Express (a) 16s. 39d. as the decimal of a pound. 
(b) 18as. 4. as the decimal of a rupee. 
(a) 16s. 83d. _ 195} _ 788 
20s. 240 960 
And this fraction may be converted into a decimal in the usual 
way. 


13.a8.4 Sodas.” 40.) Oe 
@) 16as. a. 3 é ee 
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The work may be much simplified by the use of the follow- 
ing rules :-— 

I, English Money. 

I. Decimalization of Shillings. 

Since 1s. = £35 = £:05 = £(5 x -01), any number of shillings may 
be decimalized at once by multiplying the proposed number of shillings 
by 5 and marking off two places of decimals. 

Example.— Decimalize 17s. 


17 X5=85. Marking off two places of decimals, we get °85 
eens 8.5 £° 85 


II. Decimalization of Farthings. 


Since 1 farthing = gy of £1 = 1999 of £,g55= 1009 of £001 = 

#4 of £001 = 1); of £:001, any number of farthings may be decimalized 

y putting down that number of farthings, marking off three places of 
decimals, and adding 3; of the number of farthings. 


Examples.—Decimalize 1id., 13d., 44d. 


£ 
6 farthings = -006,8, — -00625 


lid. = : 
i3d.= 7 3 = °007,4 = "0072916 
44d.=17 ‘s = 01745 = -0177083 


III. Decimalization of any Sum of English Money. 
Any sum may be decimalized by combining these rules. 
Example.-—Reduce 16s. 33d. to the decimal of a pound. 


16s. = £°80 (par. I.). 
32d, = 15 farthings = £°01545 = £:0158 = £:015625 (par. IT.). 


Combining these results— 
16s. 33d, = £8 + £:015625 = £:815625 Ans. 
Money should be decimalized mentally, but there is often a difficulty in 
dividing by 24. This may be surmounted by dividing by 2 and then by 12. 
Example.—Decimalize £6 8s. 113d. 


Multiply 8 by 5; put result in first decimal place. £6 8s. = £6°4 
1ljd.= 47 farthings; consider the result in the 


third decimal place. 047 
Divide 047 mentally by 2, getting *0235. “ 
Divide :0235 by 12. °0019583 


: £6°4489583 
£6 8s. 113d. = £6°4489583 Ans. 


Decimalization of English Money correct to three places of 
Decimals. 


Since there are 960 farthings ina pound, and since a digit in the 
third decimal place represents z;4;5 part of unity, we can decimalize to 
the third place and obtain an answer correct to the nearest farthing. 
If the number of farthings is greater than 12 (say 19), the fraction of 


a 
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the third place required by Rule II. (p. 147) is $2, and because 27 is 
greater than }, to obtain the nearest third place, the decimal in the 
third place must be increased by 1. 


Example.— Express 4s. 94d. as a decimal of one pound correct to 
the third place. 


£ 


~ 


4s, = 2 
91d. = 38 farthings = °039 


4s, 94d. = °239 Ans. 
The following should be memorized :— 


£ £ 
2s. = 100 8d. = 0125 
1s. 6d. = ‘075 Id. = 00416 . 
Is. = -050 Id. = 0010416 
6d. = 025 | 


IT. Indian Money. 


Decimalization of Rupees, Annas, and Pies. 
The work is simplified by remembering the following :— 


Sas. = Re.5 
4a6. 0S amen 
2as. tes C125 
lan, = "0625 
1L0as:, Spas ab 
das. 4p. = 3 


Also lpie = Re.z}5 = Re.g%5, hence we have the rule that 5 times 
the number of pies + » of that product = corresponding number of 
thousandths of a rupee. 

Example.—(a) Hupress 13as. 4p. as the decimal of a rupee. 

las. 4p. = 8as. + 4as. + lan. + 4p. 
= 5 + 25 + 0625 + -02083 
= -83333 = 83 

(b) Express Tpies as a decimal of lrupee. 

Using the above rule— 

Tpies = (085 + wy of *035) of a rupee 
= (035 + *0014583) of a rupee 
= 0364583 rupee 


| 


To convert a decimal of a pound into pounds, 
shillings, and pence. 
(a) Write the decimal correct to four places. 


_(b) Divide the digits in the first two places by 5. The quotient 
gives the number of shillings. 
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(c) Find the difference between the product of 5 times the quotient 
found in (8) and the whole decimal. 

(ad) Mark off one decimal place in the difference obtained in tay: 

(e) Find 24 of this difference. The nearest integer to the remainder 
is the number of farthings. 


Example.—Convert £57606 into shillings and pence. 


(2) Writing decimal correct to four places, we get ‘5761. 

(6) Dividing the digits in the first two places by 5, we get 11, which equals 
the number of shillings. 

(c) Subtracting 5 x 11 from the whole decimal 5761, we get 261. 

(7) Marking off one decimal place in the difference obtained, we get 26°1. 

() Subtracting 3; of 26:1 from 26°1 (i.e. finding 24 of 2671), we obtain 25:1. 


The nearest integer is 25, which is the number of farthings. 
25 farthings = 61d. 


“. £57606 = 11s. + 61d. 
= 11s. 61d. Ans. 


Decimalization of Avoirdupois Weight. 


The methods of decimalizing money may be extended to avoirdupois 
weight. 

(a) Consider the tons as sovereigns. 

(b) Consider the hundredweights as shillings. 

(c) Consider quarters as threepenny-picces. 

(d@) Consider 7 lbs. as 3 farthings. 


A comparison of the money table and avoirdupois weight will at once 
show the reasons for the above. 


Example.—fKeduce 7 cwt. 3 grs. 21 lbs. to the decimal of a ton. 


Lows = "3b 
3 qrs. = 3 X :0125 = 0375 
21 Ibs. = 3 X 3 X *0010416 = -009375 


7 cwt. 3 qrs. 21 Ibs. = 396875 Ans. 


Note.—The answer is correct to six places of decimals, 


EXERCISE XXIV. 


Finitz DECIMALS AND CONCRETE QUANTITIES. 
Money. 


1. Find the value of -0875 of £2 18s. 4d. (0.S.L.) 

2. Find the value in R. a. p. of 2989375 of Rs.100. 

3. Find the value of °35 of 50s. + °0625 of a guinea + ‘375 of half a 
crown, (0. and C.H.C.) 

4. Find the difference between 2:1456 of Rs.10 8as., and 1:2789 of 


Rs.20 10as. 
F 
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5. Find the value in R. a. p. of sl; of 2as. 3p. + °246875 of Rs.2 
12as. — °875 of ldas. 6p. 


6. Find the value of (13 + 9) of £3 4s. 9d. — 1:35 of £3 2s. 1d. (S.K.) 

7. Add together } of 4} guins., ‘615 of a £, and 32, of 43 of 13 ox 
16s. Td. (C.PR.) 

8. Find the value, to the nearest farthing, of £401°723 x -0782. (c.w.) 

9. Find the value of 1998 x £:092 + 365 x 19s. 11:999d., working as 
shortly as you can. (P.T.) 

18 of £2 11s. 11d. 
a7) (8.K, 
10. 37H esae &* 


11. Simplify— 


5-3 x Bs.47 
1 1 A: 
(02 i 5) ine (2 at 1) 2 (8 4 15) e Re, (08 +5) 


Avoirdupois. 


12. Find the value of 047265625 of a ton in terms of lower denomi- 
nations. (C.P.) 


13. Reduce ‘03042 of 3tons 15 cwt. 75 lbs. to ounces and the decimal 
of an ounce. (0.B.) 


14. Find the value of 2°307 of 16 cwt. 3 qrs. 13} lbs. (S.K.) 


15. Find the value of -76 of 1 cwt. + °275 of 1 qr. + °555 of 1 lb. 
(o. and C.H.C.) 


16. Find the value of 1:9514 of a ton + 1°5345 of a ewt. + 1°3125 of 
a quarter expressed in tons, cwts., etc. (C.8.L.) 


17. Obtain the value of 1:2 ton 18°4 cwt. 3°5 qrs. 27°3 lbs., at 
£2 13s. 4d. per quarter. (C.P.) 


Long Measure. 


18. Find the value (in yards, feet, and inches) of 0109875 of a mile. 
(K.S.) 

19. Express 2°03125 miles — 7°3215 furlongs in feet. (.8.) 

20. Find the number of yards in 0-217 of a mile anda half. (S.K.) 


EXERCISE XXV. 
Decimalization of Money. 


1. Reduce the following to the decimal of £1: (a) 7s. 6d.; (0) 
17s. 9d.; (c) 3s. 8id.; (d) 15s. 93d. ; (e) 18s. 103d. 

2. Express as the decimal of £1 correct to the third decimal place; 
(a) id. ; (b) 14s. Thd.; (c) £1 Ts. 43d.; (d) £2 Los. 21d.; (e) £1 2s. O§fd. 
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3. Read the following decimal fractions of £1 in pounds, shillings, and 
pence (answer correct to nearest farthing) : (a) ‘7; (b) ‘75; (c) ‘875; 
(d) 3°879; (e) :2709. 

4. Reduce the following to the decimal of a ton: (a) 2 cwt. 2 qrs.; 
(6) 17 cwt. 2 qrs. 7 lbs.; (c) 13 cwt. 14 lbs.; (d) 6 cwt. 2 qrs. 7 Ibs. ; (e) 
2 of 2 qrs. 14 lbs. 

S. Find the value of the following decimals of a ton: (a) ‘975; (0) 
78125 ; (c) 3-215; (d) :04375; (e) °3265. 


EXERCISE XXVI. 


Reduction of One Quantity to Decimal of Another (Finite Decimals). 


1. Reduce Rs.11 11as. 6p. to the decimal of Rs.75 ; and find the value 
of ‘001 of Rs.93 12as. , 

2.. Express 3 of £9 17s. 7jd. as the decimal of £8. (c.P.) 

3. Reduce 5} guineas to the decimal of £20, and find the value of 7°5 
of 8 45 of £510s. (0.R.) 

4. Find the value of :275 of Rs.196 14as., and reduce Rs.3 9as. to the 
decimal of Rs.15. 

5. Reduce ‘891 of £5 4s. 2d. to the fraction of £7 16s. 9d. 

(0. and C.H.C.) 


6. Add together § of a guinea, of a half-crown, 14 shilling, and 

g of a penny, and reduce the whole to a decimal fraction of a pound. 
(S.K.) 

7. Reduce ¥, of £39 + }} of £58 3s 6d. — of 4s. 6d. to the decimal 
of £107 1s. 8d. (c.w.) 

8. Reduce -07 of £1 5s. + 675 of £2 1s. 8d. + ‘1875 of 8d. to the 
decimal of £10. (x.s.) 

9. Find the value of | of Rs.80 6as. 6p. + 2 of Rs.13 Oas. 9p. — i of 
Rs.2 Yas. 4p., and reduce your answer to the decimal of Rs.75. 

10. Subtract -0625 of £118 16s. 8d. from 3} of £50 5s. 6d., and find 
the number by which the result must be multiplied to produce 
£985 11s. 6d. (8.x.) 

11. What decimal of Rs.10 must be added to 1:3125 of Rs.15 to 
make the total equal to ‘5125 of Rs.75? 


9} of (3—11) | 
12. Reduce nnn Of Fs.2 10as. to the decimal of 3144 of Rs.1500. 


SE pois Lt 
1 
1 acti 
B+] 
13. Reduce 17 cwt. 2 qrs. 241 lbs. to the decimal of 2 tons 5 ewt. 
(1.1.) 
14, Express ‘0125 of a ton as a decimal of 7; 0ofacwt. (0.8.1) 
15. Subtract ‘046 of 2cwt.1 qr. from 1°3 of 9 lbs., and give the answer 
as a decimal of 5 oz. (c.P.) 
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16. Which is the greater, 3} lbs. or 0015 of a ton, and by how much ? 
Give your answer (1) as'a decimal of a ton; (2) as a decimal of a stone. 
7) 


17. Express 5 seers as a decimal of 100 mds.; and 23 mds. 25 seers 
as a decimal of 75 mds. 24 seers. 

18. What decimal of a mile is 3149°9424 in.? (0.S.L.) 

19. Express the difference between ‘063 of a mile and °27 of a furlong 
as the decimal of 1300 yards. (0.8.L.) 


20. Add together ‘4 of a mile, -424 of a rod, 4246 of a yard, giving 
the result (i.) as a decimal of a mile, and (ii.) in feet and the decimal of 
afoot. (C.P.) 


21. Determine, in the shortest way you can, how many times 
(i.) of £1 is contained in 3} guins., and (ii.) -26 of half a crown is 
contained in 2°21 of 15s. (C.P.) 


EXERCISH XXVIL 


REPEATING DECIMALS. 


Addition, Subtraction, Multiplication, and Division of Compound 
Quantities. 
1. Find the value of £21:1227 + 3:25s. — 88d. (c.P.) 
2. Find the value of 3:6 of -954 of 428571 of Rs.13 14as. 
3. Find the value of -05 of ‘i0i of £37 9s. 38d. (K.S.) 
4, Find the value of the sum of 3 of Rs.18 18as., ‘108 of Rs.113 14as. 
3p., and :00625 of Rs.15. 
5. -45 of 16s. 6d. + °227 of 9s. 2d. (0.8.L.) 
: se Find the value of 2:42857i of Rs.51 4as. 9p. — 5°297 of Rs.17 
as. 6p. 


7. Find, to the nearest penny, the value of £62:3145 x 15:1874, 
avoiding unnecessary work. 

8. Find the value of a of Sa) of erhee 

1:26 = 0625 8°8 
9. Add together £3-05425, 12°12 of £2 5s., and 7:285714 of a guinea. 
(c.P.) 

10, Find the value of -094921875 of £5 6s. 8d. — ‘054 of 24s. 9d. 

++ ‘583 of 41s. 3d. (C.PR.) 


11. Find the value in tons, cwts., qrs., etc., of 2°16 of 3 tons 12 cwt. 
+ *142857 of 1 cwt. 3 qrs. 22 lbs. + °75 of a cwt. + 3°83 of 9 lbs. 13 oz. 


of Rs.1 12as. 


: : (P.T.) 
12. Simplify 3:137 of a ton + 2°935 of a owt. — ‘381 of a pound. 
(c.P.) 
13. Find the value of 3 of a of £1 18s, +2 of ‘375 of 15s. + 4, of 


828 of 11s. 3d. (c.w.) 
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14. Find the value of 2°7875 days — 6°56 brs. + ‘327 of 2 hrs. 1 min. 
(c.P.) 


15. Find the values of -875 of a guinea — 027 of £2 15s.; and of 


“ee f 2 cwt. 102 lbs. + 8405 of 12 qrs. (P.P.) 


16. Reduce -962 of -259 of -1636 of -632967 of -6875 of 27 mi. to 
yards. (C.S.) 


94 
3°863 
461538 x 29°25 
65°52 x 142857 


17. Find the number of poles in of 6 ac. 1 rd: 35 po. (c.P.) 


18. Find the value of of 2 cwt. 1 qr. 8lbs. (c.m.) 


EX Bin Oaseiee SV LTT. 
REPEATING DECIMALS. 


Reduction of One Compound Quantity to the Decimal Fraction of 
Another. 

1. Express (1) a guinea as a decimal of a sovereign; (2) a sovereign 
as the decimal of a guinea. (P.E.A.) | 

2. Express as a decimal of £1 each of the English coins; and say 
what advantage there is in the use of the decimal method in solving 
money problems. (C.Ww.) 

3. Reduce 398 lb. and #% qr. each to the decimal of a cwt., and add 
the results together. (C.w.) 

4. What decimal is lan. 9p. of Rs.1, and what decimal is 2as. 3p. 
of Rs.5 10as. ? 

5. Reduce 1? oz. to the decimal of 15 lbs. avoirdupois, and also 
64 lbs. to the decimal of 1 cwt. 

6. Express 5 seers 4 tolas as the decimal of a maund, (a) in Imperial 
measure, (b) in Madras measure. 

7. Express 18 cwt. 1 qr. 3 lbs. 8 oz. as a vulgar fraction, and also as 
a decimal fraction, of 2 tons 11 cwt. 2 qrs. 7 lbs. (C.H.L.) 

8. Express an ounce avoirdupois as decimal of an ounce Troy, 
assuming that a pound avoirdupois contains 7000 grains Troy. (P.5.A.) 

9. Express 4 lbs. 3 oz. 12 dwts. 6 grs. Troy weight as the decimal 
of a pound avoirdupois. (C.8.) 

10. Reduce 5 dys. 16 hrs. to the decimal of a week. (c.PR.) 

11. Reduce 40 yds. 13 ft. to the decimal of 2 mi. (c.P.) 

12. Express 3 rds. 18 po. 164 sq. yds. as a decimal of 9 acs. 2 rds. 
4 po. (0. and C.H.C.) 

13. Find the value of ‘04375 of a ton, and express ‘0395 of 52 1bs. as 
a decimal of 7; cwt. (0.8.L.) 

14, Reduce (£14°15 — £536) to the decimal of (£2°8 — £2°43. (o.m,} 
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15. Express £91 12s. 8d. as a fraction of £151 15s. 44d., and 2 days 
5 hrs. 194 min. as a decimal of a week. (C.P.) 


16. Hixpress Rs.3 3as. 6p. as the decimal of Rs.289 llas., and 
find the value of -4583 of Rs.790 2as. 


17. Express as a decimal of 14s. 7d. the difference between ‘083 of 
a guinea and ‘0875 of 15s. (c.m.) 

18. ts the smallest of me pr pltowiDs sums as the decimal of 
the largest : / +i pear Rs.1 8as. 6p. 151 of 571498 of Rs.15 12a. is : of Ve 
of an anna, -)76923 of Rs.97 8as. 

19. oe as the decimal of a florin the difference between }4 of a 
sovereign and }} of a guinea. (P.E.A.) 

20. Reduce °503 of 7:142857 of £5 — 4, of £20 to the fraction of 
£:025 +1 of 014 of 5s. (c.P.) 

21. Find the value of 3:075 of a ton -+ °142857 of a cwt. + 217 cwt., 
and reduce the result to the decimal of 9 tons 12 cwt. 3 qrs. (c.m.) 


22, lixpress as a recurring decimal (without converting the decimals 
into vulgar fractions) the sum of £57, £00204, £9012, and find the 
value of the sum to the nearest penny. (C.J.) 


23. pe 2°625 of 1253 yds. as the decimal of the sum of °1875 of 
12 mi. and # of -43 fur. (x. s. 8.) 

24. Subtract -005 of 2 cwt.1 qr. from 1°4 of 5 lbs., and give the 
answer as a decimal of 12 lbs. (c.w.) 

25. Express the difference between ‘14583 of £100 and :2875416 of 
1000s. as a decimal of one million pence. (P.P.) 
23888 .. . of £27 Bs. 9a: 
3:9090.... . of SLO 7seogs 


26. Reduce to its simplest form (S.K.) 


CHAPTER XIV. 


A FEW APPLICATIONS OF ALGEBRA TO 
ARITHMETIC IN THE SOLUTION OF 
VULGAR AND DECIMAL FRACTIONS. 


AN application of Algebra to Arithmetic is often very useful in the 
solution of complex fractions, both vulgar and decimal. 


Example.—Simplify— 
*821 x 321 — °179 x 179 
335] — 179ma een OP LO: (0-8.) | 
Let *321 = a, and 179 = b. 
Substituting, we have— 
Bi. Be 
iste =a+6= 321 + :°179=°5 
a—b 
> Ob £10 = £0, ners 
Example. — Simplify— 


ee ra) 7 U-ao,) x O-) 

ee) * (1+ ic (isa A aap 
I I 

(2 i Dee) tl 10 ie 


Let a =1,and 6 = — : 


10 + yo 


Re-writing the above, we have— 


(P.T.) 


(a4 b)+(a—b)¢ See 2a 
4ab 1 2 
ee io 
=70. Ans 


Example.— Find the value of — 


1\4 4. 1)4 ns i 9 
o + i + Gy" et 
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Let a = 4, and 6 = 4. 

Then ab = 4 
The algebraic statement may now be substituted for the above— 
at + bt + ab? — (a? + 0? + ab)(a? + 2 — ad) | 


AETV DORM TE. - glen 780: 
a* + b% + ab a* + b? + ab Peer, 3 
Substituting— 
a+b ab= GP 4+Q%-GxP)=Et+E—-b= se Ans 
Example.— Solve— 
Meteo oy bd ety 
pemeg (a Tk & 
SiC TaN eae er 
cat 
Sing 2 eas. 
: + 
bh 0a+4 
Let a = 4, and b = 3. 
Then we can re-write the above as— 
a+b a-—b (a+b) -—(@— bP 4ab 
Ga—-b atb_ a? — _ &#— 
a+b a—b (a+ 6) + (a— by ~~ 2a? + 262 
a—-b a+b a? — 6? a? — b2 
ODN DORE 
AE em CD re G3) 
1 1 
= 3 ees Snare 
Fee hee 
Example—Lapress— 
(25 x 25) — (24 x :24) -49 


cub. yds. 


49 (25 x25) = (24 x -24) 
of ‘0016 cub. ft. as a fraction of a cubic foot. 
‘This may be solved upon the algebraic model— 
A’ — Bt = (A + B)(A —B) 
Let ‘25 = A, and :24 = B. 
Then we have— 


A2 — B2 ed . : ; 
oe cub. ft. — ae ft. 
(A + B)(A — B) x 27 ‘49 x -0016 
“49 : cub. ft. — (A + BGS ye ft. 
AN X OL x 27 cub. ft. — “Q_x *0016 cub. ft. 


“4Q "EQ x “OL 
‘27 cub. ft. — -16 cub. ft. 
°103 cub. ft. Ans. 


The student might work the foregoing examples by the ordinary method, 
in order to assure himself of the brevity and superiority of the algebraic 
method shown above. 
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EXERCISE XXIX. 


Algebraic Processes in Solution of Complex Fractions, etc. 
61? — 60? 62? — 61? 


* 105 = 108 ~ Tie Sige (4) 
: “821 x 821 — -179 >< -179 
2. Find the value of Sa eeOLaD.,: (O.PRi) 
(3 x 3) — & Xx }) " 
3. Find the value of (2 of 2 of } of of 2) — (3 of 2 of 2 of 1) 
ry (01 x -O01) + (02: x -02) iam 
(01 + 02) x (O01 + -02) + (02 — -0i) x (02 — -0i) 
Bole gs uae PT “a): 
~@+4x-01)? -— 64+ -01I0+-01)~ At—oi “14 of 
6 BXanxetsxyX gti xt xt—B8xyxixi (p.7.) 
. eee y oft +1 of] — Gotye Meracaoth ‘ Pee 


7. (3 x J + X wy) +b X Ht X{GX)-Gx H+ xp)! 


aXx§SXEXH)N+EXEXDXD+HXDXExD * 
P.T.) 
16. i) gs (ia)aveers 
8. {(75)? Te tet x ( (7)? 15 { (qh)? oe 1} 
x 
x 
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2x, (x 8) _ & x8) 
ee eS ic 
Pou" | obo 
(§ x §) § (§ x §) 
16. 


(6) x 64) — (55x 55-2 x 55x 3+3x}) 


(55 x 53) — (3X §-2 x 3 x 61+ 6] x 63) 
(6) x 6}+2 x 6} x $+3x #)— (55x 54) © (6 


See cuerems x 51) — (3X3) 
x #) = (6) x 6) — 2 x 6 x x 
(bh x 5E+4+2 x 5Ex3+3x 9) — © x 6) 
B-G-PEtLE-P, - (ene 5)} 
de) (a ee eam EO 
ee ae 
G+ 1)? — 
18 0 Ee ee: 
"(6x 3x3x3Xx3—-GX3x ex g+2xKZxex3 xd) 
+(8X3X3X3%X23) 
+(GXEXEXI)+6OXEXEXEXD) 


CHAPTER XV. 
Dimes METRIC SYSTEM: 


Why so called.—The Metric System is so called because its 
unit is the Metre. 


Why introduced.—The different units of weight and measurement 
employed in different countries had always been a great obstacle to 
commerce, and various attempts (all more or less unsuccessful) had 
been made from the time of Charlemagne onwards to unify the con- 
flicting systems. The idea gradually gained ground that a natural 
unit should be adopted, and in 1791 a French Commission recom- 
mended that the standard of length should be y5ohq559 part of the 
distance from the Equator to the North Pole. This standard of length 
was subsequently called a metre. 


It was argued that the distance from the Equator to the North Pole 
would not vary, and if a small fraction of this were taken, a natural and 
unvarying unit could be obtained; bars of metal with the exact length of 
the unit marked on them could be made; and that even if the standard 
bars were lost or destroyed, it would be possible to recover the standard 
length by once more calculating the ten-millionth part of the distance 
from the Equator tothe North Pole. 


The greatest. possible pains were taken to measure this distance, 
and in 1794 a platinum bar showing the exact length of a metre was 
placed in the Bureau des Archives in Paris. 

The measurements made in 1791-4 were, however, not quite correct, 
and subsequent investigations have shown that the distance between the 


North Pole and the Equator is nearer 10,000,856 than 10,000,000 metres. 
So the metre is only an arbitrary standard after all. 


The Metre may be defined as the distance between two 
lines marked on a bar of platinum kept at the Bureau des 
Archwes in Paris. 

Where used.—In practically all civilized countries of the 
world except Russia, the United States, and the British 
Empire. It is universally adopted by all scientists. 

Russia and the United States possess a decimal coinage, but not a 
decimal system of weights and measures. In 1898 the British Parliament 


legalized the metric system, but it is, unfortunately, little used. For 
Decimal Coinages, see Chapter XX XVII. 
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Measure of Length.—The unit is the metre. 

To denote the multiples and sub-multiples of the metre 
(and indeed of all the derived units) the following prefixes are 
used :— 


1. Multiples— 


Deca (Gk. deka, ten) stands for 10 times 
Hecto (Gk. hekaton, hundred) stands for 100 ,, the unit 
Kilo (Gk. kilioi, thousand) a = LODGE ; 
Myria (Gk. murtos, ten thousands) ,, 10000 ,, 
2. Sub-multiples— 
Dect (Lat. decem, ten) stands for aK 


Centi (Lat. centwm, hundred) stands for 
Milli (Lat. mille, thousand) ay 


Note (1) that the multiples are of Greek, the sub-multiples of Latin deriva- 
tion. 
(2) that all the sub-multiples end in i. 
(3) that deca must be carefully distinguished from deci. 


zoo pot the unit. 
1 


2» L000" 


We can now write a Metric Long Measure Table. 


10 millimetres (mm.) = 1 centimetre 


10 centimetres (cm.) 


1 decimetre 


10 decimetres (dm.) ~ 1 metre 

10 metres (m.) = 1 decametre 

10 decametres (Dm.) = 1 hectometre 

10 hectometres (Hm.) = 1 kilometre 

10 kilometres (Km.) = 1 myriametre (Mm.) 
Kilo Hecto Deca Unit Deci Centi Milli 
1000 100 10 1 “I 01 001 
Km. Hm. Dm. m. dm. cm. mm 


Note that capital letters are used in the contractions for multiples, and 
small letters for sub-multiples. 


Linglish Equivalents. 


1 metre 39°37 inches 
3 ft. + 3 in. + 4 in. approximately 
1 decimetre = 4 inches nearly 


1 kilometre = 3 mile approximately. 


A kilometre was designed to be a centesimal minute of latitude. 
A cricket pitch is about 20 metres long. 
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Writing our metrical table of length in another form, we are able 
to make an important deduction. 


10 mm.=1 cm. ="3937079... In. 
100 mm.=10 cm.=1 dm. SS OoOCOL, one 
1000 mm.=100 cm.=10 dm.=1 m. OOO (OT Oa 


10000 mm. = 1000 cm. =100 dm.=10 m.=1 Dm. =393°7079... ,, ete. 


From this table, it will appear that the reduction of a 
quantity from a lower denomination to a higher one, or from a 
higher denomination to a lower one, is effected by simply moving 
the decimal point to the left or to the right respectively for each 
denomination. 


Ascending reduction is effected by simply moving the decimal 
point to the left; descending reduction by moving the decimal point 
to the right. 


The relative merits of the Metric and the English Systems will 
be best shown by working examples side by side. 


Merric System. ENeutisH Lona MEASURE. 
Reduce 3762843 mill- Reduce 3762843 inches to feet, yards, 
metres to kilometres. etc. 


3°762843 Km., or 3 Km. ——se ; 

7 hecto. 6 deca. 2 me. 8 3 | 318570 ft. 3. in. 

deci. 4cm.3mm. Ans. dg 104523 yds. 1 ft. 3 in. 
[Bymovingthedecimal | 2 2 

point one place to the left | 77 | 209046 


we get centimetres, by Borate? fe : 
moving it two places we 40 | 19004 po. ih yd. Litho 10: 


get decimetres, and so on, 8| 475 fur. 4 po. 1 yd. 1 ft. 3 in. 
until by moving it six 59 mi. 8 fur. 4po. 1 yd. 1ft. 3 in. 
places to the left we get Anis: 


kilometres. | 


Work done.—A decimal 
point moved six places to Work done.—5 divisions, 2 multiplica- 
the left. ' tions, involving at least 50 figures. 


The superiority of the metric system is indisputable. Its 
_ great advantage rests on the fact that the multiples and sub- 
multiples are those of the decimal system, ze. of the ordinary 
system of notation. In the metric system the ‘‘ Compound 
Rules ” virtually disappear, and become merely applications of 
the four simple rules. 
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MEASURE oF AREA, OR SQUARE MEASURE. 


100 6) pa rnehres (84. Ae = 1 sq. centimetre (sq. cm. or cm.?) 


or mm.?) 

100 sq. centimetres = 1 sq. decimetre (sq. dm. or dm.?) 
100 sq. decimetres a € Se ee ee) 

1 centiare (ca.) 

_ fl sq. decametre (sq. Dm.) or 

100 sq. metres = ‘ Are (a) 
100 sq. decametres or if = sq. hectometre (sq. Hm.) or 
100 ares ~ (1 hectare (Ha.) 
100 sq. hectometres = 1 sq. kilometre (sq. Km. or Km.?) 


Note (1) that the same relationship exists between long and square 
measure in the metric system as in the English system; the 
denominations proceed by hundreds, and not by tens, beeause 
102 = 100. 

(3) that meadows, fields, etc., are measured with the are, of which 
the hectare and the centiare are the only derivatives in use. 
(3) that the area of a country is expressed in square kilometres. 


Linglish equivalent.—40k ares = 1 acre. 


MEASURE or VoLUME, oR Cusic MEAsuRE. 


1000 c. millimetres = 1 c. centimetre (c.cm. or cm.®) 
; _ fi litre or 

ae eenametres: — {i c. decimetre (c.dm. or dm.°) 

1000 c. decimetres = 1c. metre (c.m. or m.*) 


A cubic metre of firewood is called a Stere. 


Measure oF Capacity, on FiLurip Measure. 


10 millilitres (ml.) = 1 centilitre (cl.) 
10 centilitres = 1 decilitre (dl.) 
10 decilitres = 1 litre 

10 litres = 1 decalitre (D1.) 
10 decalitres = 1 hectolitre (H1.) 


A litre is a cubic decimetre. 

In order to thoroughly familiarize himself with the exact dimensions of a 
decimetre, a square decimetre, and a litre, the student is recommended to 
work the following simple exercise :— 

(a) Cut a strip of paper a decimetre long. Compare its length with 4 
inches (see p. 154). 

(6) Cut out a square strip one decimetre in the side. We now have a 
square decimetre. 

(c) Make a cardboard cube (open at the top), which is a decimetre in 
the side. The cubic contents of this box is a cubic decirnetre, or a litre. 

(d) Fill the box with sand. 

(ec) Pour the sand into a quart measure, and note that the pot is about 


full. 
English equivalent.—1 litre = 1% pints. 
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TABLE oF WEIGUT. 


10 milligrammes (mg.) = 1 centigramme (cg.) 
10 centigrammes 1 decigramme (dg.) 
.10 decigrammes 1 gramme (¢.) 

10 grammes 1 decagramme (Dg.) 
10 decagrammes 1 hectogramme (Hg.) 
10 hectogrammes 1 kilogramme (Ke.) 
10 kilogrammes 1 myriagramme (Mg.) 
10 myriagrammes 1 quintal (QI.) 

10 quintals 1 tonne (T.) 


Note.—In 1870 the introduction of a metric system of weights and 
measures into India was strongly advocated, and an Act was passed by 
which the kilogram, to be called a seer, was fixed as the unit of weight. 
The Act also stated that the metre was to be the unit of length, and that 
the unit of capacity was to be a measure containing a kilogram of water 
at its maximum density. The Act failed to receive the sanction of the 
Secretary of State. In 1871 another Act was passed and approved in 
which the units of weight and capacity were defined as in the Act of 1870; 
but this Act, though existing, is practically a dead letter. 


Po Ae ASE 


Relation between Volume and Weight. 


A cubic centimetre of distilled water at 4° C. and 760 mm. 
pressure weighs 1 gram. 

The student should construct a small cube with internal dimen- 
sions of 1 c.cm. 


1 cubic centimetre. 1-gram weight. 


A thousand cubic centimetres (7.e. one cubic decimetre or litre) 
weigh a thousand grams, or one kilogram. A litre of water thus 
weighs a kilogram. In the English system no such simple relation- 
ship exists, but it may be remarked en passant that a gallon of water 
weighs about 10 Ibs. The simple relationship existing between the 
measurement of length, volume, and weight is one of the characteristic 
advantages of the Metric System. 


English equivalents. 


1 gram = ‘0358 oz. avoir. 
1 kilogram = 21 ibs. 
1 cwt. = 50°8 Kg. 


The following diagram, taken from Miller’s “ Inorganic Chemistry,” 
shows the connection which exists between the various measures in 
the metric system :— 
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Hach side of this square measures 


1 decimetre, or 
10 centimetres, or 
100 millimetres, or 
3°937 English inches. 


A litre is a cubic measure of 1 decimetre in the side, or a 


cube each side of which has the dimensions of this figure. 


When full of water at 4° C. a litre weighs exactly 
1 kilogram or 1000 grams, and is equivalent to 100 cubic 
centimetres; or to 6L°027 cubic inches, English. 


A gram is the weight of a centimetre cube of distilled 
water; at 4° C. it weighs 15:432 grains. 


1 sq. 
centim. 


PARES a | inches. ee 


The entire square is the 100th part of a square metre, and contains 
15°5 sq. inches, or ‘1076 of a square foot nearly. 


ANGULAR MEASURE. 


100 seconds ("") = minute (’) 
100 minutes = 1 grade (¢.) 
100 grades = 1 right angle 


The principal unit is the right angle, as in English angular 
measure. 


A right angle contains 10,000 centesimal minutes. This fact is really the 
foundation of the metric system. If, ona great circle of the earth, the are 
between two radii inclined to each other at an angle of 1’ be measured, the 
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length of the are would be found to be a kilometre, so that a kilometre 
was designed to be the centesimal minute of latitude. 


Examples.— Reduce 9 kilometres to metres. 


Since 1000 metres = 1 kilometre, we merely add 3 noughts 
natne=-G000'm. Ans. 


Express ‘0015625 gram in milligrams. 


Since 1000 milligrams = 1 gram, we move the decimal 
point 3 places to the right. 
0015625 gram = 15625 mg. Ans. 


Divide 57 kilometres 16 metres by 8. 
57 Km. 16 m. = 57°016 Km. 
8 | 57016 
Ti27 Kin om Kan... Hm. 2 Dm. (imeeiae. 


But there is no need to write it in the second way, because the 
position relative to the decimal point shows the value of the digits. 


The Advantages of the Metric System. 


(1) A simple relationship exists between the units of length, area, 
volume, and weight. 

(2) The multiples and sub-multiples of the units are in the ordi- 
nary scale of notation, ¢.¢. the decimal system, consequently— 

(a) Reduction involves practically no labour, for it consists 
merely of multiplying or dividing by a power of 10. 

(b) English Compound Rules are avoided; all operations are 
performed by simple addition, subtraction, multiplication, 
or division of decimals. 

(8) When once the meanings of the names of the different units 
and the multiples and sub-multiples are known, the “tables” of the 
Metric System impose no tax on the memory. 

4) It is becoming the universal system, and our commerce would 
be facilitated by its introduction. 


The reasons urged against the introduction of the Metric System 
are the practical difficulties attendant upon the substitution of the 
metric weights and measures for our present ones. All our pound 
weights, all our yard measures, all our pint measures would become 
practically useless, and great expense would be incurred in buying the 
new weights and measures. It has been estimated that the introduc- 
tion of the Metric System would cost millions of money. 


To change from the English tothe Metric System. 

(a) Express the compound quantity in the English System 
decimally in terms of some unit whose equivalence in the 
metric system is known. 

(4) Multiply by that equivalence in the metric system. 
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Example.—Find, correct to three places of decimals, the number of 
kilogrammes in 23 tons 7 cwt. 3 grs. 14 lbs., taking one ton to contain 
1016°0475 Kg. (o.P.) 


Reducing 28 tons 7 cwt. 3 qrs. 14 lbs. to the decimal of a ton (see 
p. 139), we have— 


23 tons ees a 
7 cwt. rane V #50 
3 qrs. = 8 x ‘0125 ==) ROOM 


44 lbs. = 2 x 8 x 0010416 = -00625 


23°39375 tons 
23°39375 x 1016°0475 = 23769°161... 
Ans. 23769°161... Ke. 


To change from the Metric to the English System. 

(a) Express the quantity in some metric unit whose 
equivalence to an English unit is known. 

(6) Multiply by that equivalent. | 

(c) Reduce the product to a compound quantity in the 
metric system. 


Example.— Assuming that 39 in. = 99 cm., express 18 mi. in 
kilometres, metres, and centimetres. (P.T.) 


13°mi;'= 1335 eo Xe in: 
39 in. = 99 cm. 
lard » r, 
13 mit = ee a xR XL: = POsoaaeEeee 
= 209088 dm. = 20908°8 m. = 2090°88 Dm. 
= 209°088 Hm. = 20°9088 Km. 
Ans, 20 Km, 908 m. 80 cm. 


THEORY. 


1. What is the fundamental unit of the metric system ? 

2. Assuming that we know what a metre is, define a centimetre and a 
kilometre.  (P.T.) 

3. What are the units of weight and of capacity in the French 
system of measurement? (¢.w.) 


4. Compare as nearly as you can the following measures: The metre 
and the yard; the litre and the gallon; the kilogramme and the pound 
avoirdupois ; the are and the acre. (S.A.) 
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EXERCISH XXX. 
THe Mzrric SystEM. 
Money. 
(fr. = franc = 100 centimes (c.)] 

1. Find the sum of 40 fr. 80 c. + 119 fr. 6c. + 88 fr. 5c. + 58 fr. 4c. 
+ 606 c. + 207 fr. 28 c. 

2. What isthe sum of 53 fr. 44.c. + 8°16 fr. — 23°40 fr. + 17-074 fr. + 
926°30 fr. — 36% fr. + 95°02 fr. ? 


8. What sum is required to pay the wages of 7 men and 3 boys, if 
each of two of the men receive 27°75 fr., each of the other 5 men 24°50 fr., 
and each of the 3 boys 5°60 fr. ? 


4, The gross amount of an invoice is the sum of 47 fr. 43 c. + 
159 fr. 16 ¢. + 360 c. + 322 fr. + 18 fr. 8 c., and a discount is allowed, 
making the net amount 2544 fr. How much is the discount ? 


5. If 37 fr. 47 c. be divided between A and B so that B may have 
twice as much as A, what will A receive ? 

6. How many kilogrammes of coffee at 3 fr. 75 c. per kilogramme will 
amount to 53 fr. 55 c. ? 


7. Three bottles of champagne and five bottles of Bordeaux cost as 
much as five bottles of champagne and one of Bordeaux. If a bottle of 
champagne costs 11 fr. 30 c., what will be the cost of a bottle of 
Bordeaux? (P.T.) 


8. Divide a franc among A, B, and C so as to give A 20 c. less than 
B and C together, and so as to give B 1:4 times as much as C. (P.1.) 


Avoirdupois Werght. 


9. Express 9 g. 8 cg. 8 mg. as a decimal of 4 Kg. 9 dgs. (c.P.) 


10. Find the total amount of 3 Kg. of tea at 6:60 fr. per kilogramme, 
2 Hg. of coffee at 33 c. per hectogramme, and 24 Kg. of sugar at 56 c. 
per kilogramme. 


11. Find (to the nearest pound) the cost of 5122'7 Kg. at 3°43 fr. 
per kilogramme, reckoning 25°42 fr. to the pound. (c.P.) 


12. Find the value of 47 Kg. 8 Dg. 4 g. of an article the price of 
which is £23°57 per kilogramme. Give the answer in £s d. (c.8.) 


13. Assuming that a gramme is ‘0022 of a pound avoirdupois, find 
the value of a ton of metal at the price of 2s. 1d. per kilogramme. (c.H.L.) 


\A4. How many pounds are there in ‘708624 of aton? And how many 
kilogrammes are there in it if 100 Kg. equal 1:9684 cwt.? (s.K.) © 


Troy Weight. 


15. If 1 oz. troy is equivalent to 31°8 g., determine the French 
measure in weight of 25 tons 2 cwt. 27 lbs. (c.P.) 


16. If gold is worth 3 fr. 10 c, per gramme, find its value per ounce 
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troy in English money, taking a franc as equal to 92d.,and a gramme as 
15°43 grs. (S.K.) 

17. The weight of a gold 10-fr. piece is 49°78 grs.; the weight of a 
silver 5-fr. piece is 385°8 grs., of which the equivalent in pure silver is 
‘782 oz. troy. If the relative value of coined gold and silver be 19:29 ; 1, 
find the intrinsic value of a gold 10-fr. piece, the intrinsic value of pure 
silver being 4s. 2d. per oz. troy. (C.8.) 


Long Measure. 


18. How many steps, each 65 cm. long, does a French soldier take in . 
marching 273 Km.? Five German steps are equal to six French steps. 
How many steps will a German soldier take in marching the same 
distance? (C.P.) 


19. How many kilometres are there in 153428 mm.? And how many 
decametres in 452 mym.? (C.P.) 


20. Howmany decametres are there in 1000 dm.? And how many 
centimetres in 140 Hm.? How many kilometres may be measured from 
393°708 mi.? (1m. = 39:3708 in.) (c.P.) 


21. The diameter of a 5-c. piece is exactly 25 mm. How many, 
placed in a straight line and touching one another, will extend to the 
distance of 2:25 m.? (C.P.) 


22. A horseman thinks that he travels 15 Km. in an hour, but his 
watch registers 592 min. when in reality an hour elapses. How far does 
he really travel in an hour? Give your answer correct to a metre. (P.T.) 


23. From a length of 3-7 m. how many lengths of 7:1 cm. can be cut 
off, and what will be the length of the remainder? (C.J.) 


24. A rod, whose length is 25 m. 50 cm., is measured with a metre 
rule (divided into centimetres), and appears to be 22 m. 35 cm. long. 
Supposing that the divisions of the rule are all equal, find to the nearest 
millimetre the error in each. (c.8.) 


25. The armour-plate of a vessel is described as being 45 cm. thick. 
What is this equivalent to in English inches? (1 m. = 39°37 in). (C.P.) 

26. How many metres (1 yd. = ‘9144 m.) are there in 4 mi. ? (K.s.) 

27. Assuming that 39 in. = 99 cm., express 26 mi. in kilometres, 
metres, and centimetres. (P.T.) 


28. A map is drawn on such a scale that a kilometre is represented 
by a centimetre. What length represents a mile on the same scale? 
Give your answer correct to three places of decimals of an inch. (P.T.) 


29. Find the difference in yards between 5 mi. and 8 Km. (A kilo- 
metre = 39370°8 in.) (c.w.) 

80. Express 787:4 mi. in kilometres and metres. (1 Km. = 1000 m. 
= 89370 in.) (c.w.) 

31. Find the number of metres in a mile, given that a metre is 
39°37 in.; also find the number of miles in ten million metres. (L.M.) 


$2. A kilometre being 1093°638 yards, find to four places of decimals 
how many kilometres there are in 100 English miles. (8.K.) 
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33. Find how many feet and how many metres there are in *581207 
of a mile, having given that 1 m. = 1:093638 yds. (8.K.) 


34. Find the value of 585 cm. of cloth at 5s. 5d. per metre. (C.PR.) 


35. Find to the nearest centimetre the length of silk at 7 fr. 25 c. per 
metre which can be bought for 381 fr. 50 ¢. (¢.J.) 


836. A metre being equal to 39°371 in., and a franc being equal to 
9°38 pence, what is the value in English money of a yard of silk worth 
Ti fr.a metre? (8.K.) 


37. A merchant buys 485 m. 70 cm. of silk, and pays for it 3764 fr. 
90 c. Find the average cost per metre in francs and centimes (the 
answer to be correct to the nearest centime). (0.J.) 


38. The fare for a certain railway journey is 18 fr. 70 ¢.; while for 
another journey, 87 Km. longer than the former, the fare is 24 fr. 20 c. 
Find the length of each journey, the rate per Km. being the same for 
both. (C.8.L.) 


89. If one can travel 264 Km. by railway in France for 39 fr., find 
what should be the fare in English money for a distance of 77 mi. at the 
same rate, supposing that a kilometre is 1092 yds. and that 25 fr. are 
equal in value to £1. (0.8.L.) 


40. Suppose a metre to be 40 in. and 25 fr. to be £1. Which is the 
higher price for the same cloth, 4 fr. a metre (of length) or 3s. a yard, 
and by how much in centimes per metre and in pence per yard ? (P.T.) 


41. Find, to the nearest farthing, the value of a bar of gold, 25 m. 
long, at £1 per inch. (1 metre = 39°37079 in.) (C.M.) 


42. Having given that the circumference of the earth is 40 million 
metres, express it in miles (1 yard = ‘91 of a metre). (C.H.L.) 


43. A metre is 39°37 in. If this is a ten-millionth part of the 
distance of the equator from the pole, how far is it round the world, 
the measurement being taken along a meridian? (Give the result in 
miles, furlongs, yards, feet, and inches.) (P.T.) 


44, The metre was originally determined so that forty million metres 
should be equal to the earth’s circumference (a metre is 39°37 in.). 
Compute from these data the mean radius of the earth in miles, being 
given that the circumference of a circle is to its diameter as 355 to 113. 

(L.M.) 


45. The circumference of the earth is 40000000 m., the length of a 
metre being 39°3709 in. Calculate the diameter of the earth in miles, 
assuming the ratio of the circumference to its diameter to be 355 ; 113. 

(P.P.) 


_ 46. A metre is defined to be yy5555 Of the one-fourth part of the 
circumference of the earth, and is equal to 39°37079 in. Find the 
circumference of the earth in miles. (C.S.L.) 


47. Assuming that the earth’s polar circumference is 40000000 m., 
and that a metre is 39°3708 in., calculate the earth’s polar circumference 
in miles, correct to the nearest unit. (L.M.) 


48. A man buys 143°60 m. of ribbon in Paris at 65 c. per metre, 
and offers a £5 note in payment, which the shopman agrees to accept 
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at the rate of 25°12 fr. to the £. How much change will the purchaser 
receive ? (C.S.L.) 


49. The railway fare from London to Dover (70 mi.) being 14s. 7d., 
and that from Paris to Boulogne (240 Km.) being 36°16 fr., compare the 
cost of travelling in England and France, the French metre being equal 
to 3 ft, 3°37068 in., and £1 being worth 25°44 fr. (c.s.) 


50. Find a decimal fraction, correct to the first three places, such 
that, if the price of a material in francs per metre be multiplied by it, 
the product will be the price of the same material in shillings per yard, 
having given that 1 pound = 25 fr. and 1m. = 39°37 in. (u.M.) 


51. The height of a certain mountain is marked on a map in metres, 
and in order to form a rough estimate of its height in feet I multiply 
by 10 and then divide by 8. I afterwards find that the height so deter- 
mined is too great by 126 ft. What is the height of the mountain in 
feet, assuming that a metre is equal to 39°37 in.? (C.H.L.) 


52. Find to the nearest franc the cost of making a railway 27345 m. | 
long, the cost per kilometre being 303625 fr. (0. and C.L.C.) 

53. How much per kilogram is a centime per milligram? If it be 
true that to convert metres into feet we affix 0, divide by 3, and 
subtract 4, of the result, how long is a metre? (8.A.) 


Area. 


54. What is the area in square metres of the walls, floor, and ceiling 
of a room which is 11 m. long, 8°25 m. wide, and 5°75 m. high ? 


55. What is the charge for painting the walls of a room 14°25 m. 
long, 8°75 m. wide, and 11 m. high, at 3-25 fr. the square metre ? 


56. What is the cost of papering the walls of a room 11°75 m. long, 
9:25 m. wide, and 5:64 m. high, at 25 c. the square metre ? 


57. Write down (i.) 74 cg. as a decimal of a decagramme; (ii.) 
22 sq. dm. 53 sq. cm. as a decimal of a square metre. (C.P.) 


58. Express (i.) 175 sq. cm. as a decimal of a square metre ; and (ii.) 
23 c.cm. as a decimal of a cubic decametre. (C.P.) 


59. Express the area of a rectangle 5 m. 7 cm. long and 4m. 9 dm. 
wide, as a decimal of a square kilometre. (0.P.) 


60. If a French are is a square with a base of 10 m., and a metre is 
taken as equal to 39°36 English inches, show that there are 40} French 
ares in an Einglish acre, within a small fraction of an are, or within a 
very few square feet. (C.P.) 

61. What is the content in square metres of a plot of ground 485 dm. 
square? Determine the length in decametres of each side of a square 
plot containing 84741:2321 sq. dm. (c.P.) 

62. A metre is 39°3708 in. Find to three places of decimals the 
number of acres in a hectare, which is 10000 sq.m. (c¢.M.) 

63 The annual rent in France of a hectare of land is 180 fr. Find 
the rent of one acre in English money, it being given that 25 fr. are 
equal to £1, and 100 Ha. equal to 247 ac. (¢.P.) 
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64. Suppose that a metre is really 89:4in. Then what percentage of 
1600 sq. in. must be deducted in order to arrive at the value of a square 
metre in inches? Give (1) the true percentage, (2) the percentage to 
two places of decimals. (P.t.) 


65. Three brothers sell a farm of 40 Ha. for 3275 fr. the hectare. 
What should each receive? How much is it in English money at 25 fr. 
for the sovereign? (c.M.) 


66. A plot of land is valued at £1936 peracre. What is its worth in 
francs per square metre? (£1 = 251 fr.; a metre = 893 in.) (c.P.) 


67. If tar-paving costs 2s. 6d. per square yard, what amount in francs 
will pay for a pavement 1 Km. long by 15m. broad? (A linear foot being 
taken as = 3°05 dm. and a franc = 10d.) (c.P.) 


68. Having given that a metre is 39°3708 in., express a square foot 
in terms of a square metre, the approximation being correct to within 
one-thousandth of the whole. (c.H.L.) 


69. If a metric system of area were adopted, so that 2 ac. 2 rd. 6 per. 
would be represented by 5:12, express the unit of measurement in square 
yards and decimal parts of a square yard. (c.w.) 


70. Find the cost of papering a room 12 m. long, 6:2 m. broad, and 
4°25 m. high, with paper of which the breadth is 70 cm. and the price is 
2 fr. per piece of 8 m., 21 sq. m. being allowed for windows and doors. 

(C.S.14) 


71. Assuming that a square metre is 1°196 of a square yard, find the 
number of acres in a square kilometre, neglecting fractions of an acre. 
(0. and c.H.c.) 


72. Find to the nearest centime the cost of fencing a square field, of 
which the area is 7000 sq. m., at a cost of 3 fr. 25c. per metre. (C.s.L.) 


73. Find to the second place of decimals the number of square yards 
in 7280 sq.m. Find to the nearest penny the value of 900 Kg. of a 
material which costs £25 14s. 6d. a ton. N.B.—1 m. = 3°28092 ft.; 
1 Kg. = 2°2046 lbs. (8.K.) 


74. A rectangular tract of land, 14 Km. long and 5 Dm. broad, is to 
be planted with shrubs at all intersections of straight lines, which are 
themselves 2 m. apart and parallel to the sides of the rectangle respec- 
tively, its four corners and its sides being similarly occupied. How 
many shrubs will be required? (c.P.) 


75. Determine how many hectares there are in 750 ac. of land. 
(Are = square decametre; metre = 39°38 in.) (c.P.) 


76. An acre is ‘40467 ‘Ha., and a pound sterling is 25:25 fr. An 
estate measuring 1927 Ha. is sold for 10100000 fr. What is the selling 
price per acrein £ s. d.? (8.x.) 


77. Two plots of ground lie four square. Find (i.) the area of the 
first in hectares and decimals of hectares, if each of its sides measures 
523 m, 7 dm. 5 cm.; (ii.) the length in yards of each side of the second, 
if its area be 10621081 sq. rds. or po. (c.P.) 


78. Given that a metre is 3°3708 in. longer than a yard, find which is 
greater, 10 sq. m. or 12 sq. yds.; and express the difference between 
these areas as a decimal of a square metre correct to three places. (S.K.) 
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79. A centimetre being ‘3937 in., find to four significant figures how 
many acres are in a square kilometre. (L.M.) 


80. The length of a rectangular field is to its breadth as 3 to 2, and 
its area is 11094 sq.m. Find the cost of surrounding it with a fence at 
9:25 fr. per metre length of boundary. (S.K.) 


Cubre. 
81. Express fully the different denominations involved in 
255'09230471 c. dm. (2.e. write down how many cubic metres, etc., are 
involved.in the decimal). (c.P.) 


82. If 1 gramme = 15 grains, and a cubic foot of water weighs 
1000 oz. avoirdupois, what will be its weight in grammes? (1 lb. 
avoirdupois = 7000 grains.) (P.T.) 


83. Find the weight in kilograms of the volume of water contained 
in a cistern 4:35 m. long, 3°64 m. wide, and 2°85 m. deep in kilograms, 
supposing the water to be at 4° Centigrade. 


84. How many cubic decimetres of air are contained in a room which 
measures 8°25 m. long, 5°64 m. wide, and 3°65 m. high ? 


85. How many cubic metres of water pass under a bridge in a minute 
where the river is 26°25 m. wide, 3°44 m. deep, and is running at 3°2 Km. 
per hour ? 


86. If a cubic foot of water weighs 1000 oz., express a kilogramme 
in pounds correct to one place of decimals. (Assume a metre = 3 ft.) 
(c.M.) 


87. Assuming a metre to be 893 in., find the nearest whole number 
of litres (cubic decimetres) in 1c. ft. (P.E.A.) 


88. If a metre be taken as 40 in., and a cubic centimetre of water 
weighs one gramme, what, stated metrically, is the weight of a cubic 
inch of water? (P.T.) 


89. If a cubic decimetre of ice weighs 918 g., what is the weight, to 
the nearest kilogramme, of a rectangular sheet of ice 53 m. long, 27 m, 
wide, and 39 mm. thick? (c.P.) 


90. A metre is the 10000000 part of a quadrant of the meridian, and 
a minute of latitude contains 6080 ft. A cubic foot of water weighs 
1000 oz., and a cubic centimetre of water weighs one gramme. LHxpress 
a kilogramme in ounces to one place of decimals. (K.S.) 


CHAPTER XVI. 
PRACTICE, INVOICES, AND BILLS. 


Practice is the method of finding by means of aliquot parts 
the cost of any given quantity when the cost of a unit of any 
denomination is given. 


An aliquot part (or sub-multiple) of a quantity is a part which is con- 
tained in such quantity an exact number of times. See also p. 29. 

As its name signifies, Practice is a convenient method of calculation 
frequently adopted in practice by business men. 


Practice is of two kinds— 


Simple Practice, in which the given quantity the cost of which 
is to be found is sémple: e.g. Find by practice the cost of 278 articles 
@ £14 18s. 10d. each. 


All examples in simple practice may be worked by compound multiplica - 
tion, and many examples may be worked more expeditiously by decimal- 
ization of money (p. 137). 


Compound Practice, in which the given quantity the cost of 
which is to be found is compound: eg. Find by practice the cost of 
4 tons 7 cwt. 1 qr. @ £2 7s. 6d. per ton. 


General Method of Procedure in Simple Practice. 
—Separate the given value into portions such that the first is 
some unit or multiple of the unit, and each of the others is 
an aliquot part of this unit or of some preceding portion. 


Skill in working practice consists largely in ability to separate the parts 
of the given value which are less than unity into aliquot parts. 


The following Aliquot Parts should be especially noticed :— 


Of a Pound. Of a Shilling. Of a Rupee. 
6s. 8d. is 4 1s. 8d. is 5 13d. is F Bas. 4p.=4 
38. 4d. is 1s. 4d. is 75 2as.8p.=4 
2s. 6d. is $ 1s. 3d. is 74 las. 4p. = 75 
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£ Ses 
10s. = 4 of £ 4 of 923 0 0O 
2 
— 8 Gh. 
1846 0. 0 cost @ a2 o 
ps. == 2 of 10s. 201° 461 10 0 3 @ 03108 
6d. = Jy of 5s. ayohe200.15 0: °, (avg eD 
3d. = 4 of 6d. 201 28) 1.6, -@ aan 
1d. = 4 of 3d. mor 10 9 > (eee 
ad.= ot 1d. Pore O10 11 fae ae 
19 283 5, QO 0 as 
Ans. £2577 13 4% ,, @ £2 15 10} 


- Example. — Lind the cost of 426 articles @ £2 18s. 4d. each. 


Since £2 18s. 4d. is 1s. 8d. less than £38, the shortest method is to 
find the cost at £3 each and subtract the ee. at'1ls. 8d. each. 


1s. 8d. = J, of £1 | Pe yd. £ os. d. 


| 426 0 0=cost@ 1 0 Oeach 
| 3 


1978 0: 0= ,° @ Sansa 
35 10° 0 = 4,,° @) 0 fas. 
Ans. £1242 10 0= ,, @£218 4 , 


The above method is sometimes called Practice by the Method of 
Subtraction. 

In Compound Practice the compound quantity is 
treated in the same way as the given value is treated in 
Simple Practice. 


Example.—ind the value of 10 cwl. 3 qrs. 16 lbs. @ £12 15s. 63d. . 
mer cwt. 


[Te ene: cwt. qrs. lbs. 

2 qrs. = 4 cwt. 4 0f 12.15 64 value of I O75S0 
10 

127 15 5 wee OO 

1 dr. = 3 of 2 qrs. 2 Ore Oli Ot 0 ree 

14 Ibs. = 4 of 1 qr. sof 3 3 108 © OGrepak iO 

2 lbs. = 4 of 14 lbs. tof 1 11 11, - 0 0 14 

coe eg es) 0 Oe 

Ang.£139 . 3. 688). tee Dicko 


An Invoice, or a Bill, is a written statement made out 
by the seller and delivered to the buyer, in which the latter is 
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informed of the quantity, kind, and cost of the goods supplied 
to him. 

A bill is handed to the customer by the seller with the 
goods. An invoice is a statement despatched when the goods 
are sent to the customer. 

Hach separate amount in a bill or in an invoice is called an 
Item. 


Item (Latin = likewise, also) was once written at the commencement of 
the second and following lines of a bill; hence each line in a bill is now 


called an item. 
rae 


SPECIMEN OF AN Invoice BILL. 


London, 
June 18, 1903. 
Messrs. Taylor & Stevens. 
Bought of Farren & Co., 
3, Ludgate Hill, H.C. 


12 yards calico @ 64d. 4 
3 yards velvet @ 7s. 6d. ,, 


£ 
8 yards silk @ 5s. 6d. per yard... ... 2 
ee 

10 yards muslin @ Is. 3d. ,, sie eiewe it 


If the goods are paid for at the same time, the invoice is receipted, /.e. 
the seller or his representative writes, ‘“‘ Received” or “ Paid” on the 
invoice, and adds his signature and the date of the receipt. In England if 
the amount is £2 or over, a penny stamp must be affixed, and in India if 
the amount is over Rs.20 an anna stamp must be affixed, and this stamp 
should be cancelled by writing either the name or date upon it. 

If, however, credit is given (i.c. if the buyer does not pay ‘‘ready”’ 
money), a statement is sent, usually at the end of each quarter, showing 
the dates and amounts of the invoices unpaid. This statement is called an 
Account. 


SPECIMEN OF AN ACCOUNT. 


London, 
June, 1903. 
Messrs. Taylor & Stevens. 
Dr. to Farren & Co., 
3, Ludgate Hill, E.C. 


| £ sd 

; | ‘ S&S. @. 
April 16 To goods as per Invoice’ ... a bee oy aM) 
May 7 ry “4 + yee yo bis 217 4 
June 18 ie a 4 Bes ie au 2°56 
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A Detailed Account is one in which each invoice or bill is repro- 
duced in full. 


EXERCISH XXXI. 


Simple Practice. 
1. Find by practice the cost of 2592 articles at Rs.12 10as. 6p. each. 


2. Show that not more than four aliquot parts are required for finding 
by practice the value of 3178 articles at £1 13s. 92d. each. (K.s.) 

3. Find by practice the value of 420 articles at Rs.49 ldas. 6p. each. 
Using the above result, find the value of 424 articles at the same price. 

4. What sum was paid for 459021 oxen at £15 18s. 6d. each? (c.P.) 

5. Find by practice tne value of 21840 articles at Rs.14 2as. 6p. 
each. 


6. What will be the cost of laying a cable across the Atlantic if 
2939 mi. of cable are required, and the price, including the expense of 
laying, is £148 13s. 6d. per mile? (C.H.L.) 


7. Determine by two different methods the cost of 14732 articles at 
£1 17s. 24d. each. (c.P.) 


8. Find the cost of 1225 articles at Rs.12 8as. a score. 
9. How much will 56375 articles cost at £2 15s. 9d. per hundred? (c.P.) 


10. Find what must be paid to) 721 labourers for 7 days’ work at 
Yas. 4p. per day each. 


11. Obtain to the nearest penny ihe cost of 258700 cub. ft. of gas at 
2s. 44d. per thousand cubic feet. (c.P.) 

12. Find by practice the rent of 2543 ac. at an average value of 
Rs.24 14as. 8p. per acre. 

13. Find the cost of 40133 cub. yds. of timber at £2 16s. 64d. per 
cubic yard. (C.P.) | 

14. Determine the value of seven million one hundred and twenty- 
eight trinkets at 1s. 43d. the twelve dozens. (c.P.) 


15. Find by practice the dividend on Rs.3245 12as. at 13as. 9p. in 
the rupee. 


EXERCISE XXXII. 


COMPOUND PRACTICE. 


Avoirdupois. 


1. Find the value of 3 tons 3 cwt. 3 qrs. 14 lbs. of coal at £1 3s. 4d. 
per ton. (0.8.L.) 


2. Find the cost of 8 tons 11 ewt. 3 qrs. 25 lbs. of tea at £11 6s. 4d. 
per cwt. (C.P.) 


8. Find the value of 7 tons 3 cwt. 2 qrs. 21 lbs. of wire at £8 6s. 8d. 
per ton. (c.W.) 
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4. Find the cost of 3 qrs. 8 lbs. 10 oz. at £1 8s. per cwt. (I.1.) 
_ 5. Find the cost of 12 tons 2 cwt. 3 qrs. of coal at 16s. 9d. per ton, 
with 2d. a cwt. additional for cartage. (C.P.) ; 
6. Find to the nearest penny the value of 13 tons 17 cwt. 3 qrs. 17 
lbs. at £9 13s. 9d. per ton. (8.A.) 


Troy. 


7. Find the cost of a nugget of gold weighing 3 lbs. 11 oz. 8 dwts. 
4 ers. at £3.17s. 6d. per ounce. (C.PR.) 

8. Find to the nearest penny the value of a mass of pure gold whose 
weight is 10 oz. 13 dwts. 14 grs. at £4 4s. 113d. per ounce. (G.8.1.) 

9. Find the value of 6 lbs. 9 oz. 12 dwts. 16 grs. of silver at 3s. 9d. 
per ounce. (0.8.L.) 

10. Find the value of 361 oz. 10 dwts. of gold at £317s. 103d. per 
ounce, (0.S.L.) | 

11. Find the value of a silver tankard weighing 11b. 10 oz. 173 dwts. 
at 5s. 6d, an ounce. (P.E.A.) 


Length, Area, and Volume. 


12. Find the cost of 2 fur. 7 po. fencing at 13 yd. of £29 6s. 8d. per 
mile. (C.S.L.) 
13. Find the length of an imaginary straight line made up of 
7452 straight lines, each 3 mi. 5 fur. 87 po. 5 yds. long. (C.P.) 
14. Find the rent of 24 ac. 3 rds. 16 per. at 24 guins. per acre. (K.S.) 
15. Find the value of 449 ac. 3 ro. 15 po. of land at £3 12s. 8d. an 
acre. (0, and C.H.C.) ; 
16. Find the value of 13 ac. 3 rds. 36 per. at £18 6s. 9d. per as 
S.A.) 
17. Find the value of 63 ac. 3 rds. 24 po. 15 yds, at £393 5s. i ye 
c.W. 
18. Find the value of a crop on 10 ac 2 rds. 27 po. of land at 
£12 16s. 8d. per acre. (C.P.) 
19. Find the rent of 648 ac. 1 rd. 27 po. of land at £1 16s. 8d. per 
acre. (C.PR.) 
20. Obtain the value of 240 c. yds. 7c. ft. 144 c. in. at £4 15s. 6d. 
the cubic yard (to the nearest penny). (C.P.) 


InpDIAN WEIGHTS. 
Imperial. 

21. Find the value of 10 maunds 13 seers 11 chks. 3 tolas at Rs.83 
5as. 4p. per maund. 

22. Find the value of 15 maunds 37 seers 12 chks. at Re.1 14as. 4p. 
per seer. 

23, Find to the nearest pie the price of 100 bags of sugar, each 
weighing 4 seers 2 powas 3 chks. at 6as. 9p. per seer. 

24. Find to the nearest pie the value of 1234 maunds 27 seers 10 
chks. of wheat at Rs.3 10as. 8p. per maund, 


178 ARITHMETIC 


Bombay. 
25. Find the value of 2 candies 18 maunds 17 seers 36 tanks at Rs.65 
6as. 8p. per candy. 


26. Find to the nearest pie the value of 11 mds, 23 seers 45 tanks 3 
mashas at Re.1 8as, 6p. per seer. 


27. Find the value of 18 seers 59 tanks 3 mashas 7 ratis 2 dhams at 
Rs.6 10as. 8p. per tank. 


28. Find the value of 19 maunds 29 seers 39 tanks at Rs 3 Sas. 
per seer. 
Madras. 
29. Find the cost of 3 cds. 17 mds. 7 viss 8 seers 6 pals. at Re.1 
10as. 8p. per maund. 


30. Find to the nearest pie the value of 179 cds. 18 mds. 7 viss 33 
pals. of salt at Rs.23 5as. 4p. per candy. 


31. Find the cost of 2 candies 19 mds. 8 viss. 25 palams at Rs.4 das. 
6p. a Viss. 


32. Find the weight in cwts., lbs., etc., avoirdupois of 4 mds. 5 viss 
3 srs. 6 pals. when 1 viss is equal to 3 lbs. 2 oz. 


INDIAN MEASURES OF AREA. 
(a) Bengal. 
33. Find the value of 63 bighas 7 cots 9 chks. at Rs.13 das. 4p. 
per bigha. 


34. Find the value of 2 bighas 11 cots 15 chks. 18 gandas at Rs.11 
10as. 8p. per cottah. 


35. Find the amount produced from 7 big. 5 cot. 9 chk. 12 gds. of 
land at 12 mds. 8 seers per bigha. 


(b) Bombay. 
36. Find the cost of 18 bighas 17 pands 13 Kathis at Rs,14 9as. 4p. 
per bigha. 
37. Find the cost of 5 bighas 11 pands 17 Kaths at Rs.27 la. 4p. 
a bigha. | 


38. Find, correct to the nearest pie, the cost of 7 bighas 13 pands 
15 Kath at Rs.5 10as. 5p. per bigha. 


(c) Madras. 
39. Find, correct to the nearest pie, the cost of 8 cawnis 18 mas. 
1600 sq. ft. at Rs.56 12as. 8p. per cawni. 


40. Find, to the nearest pie, the cost of 3 cawnis 11 mas. 1800 sq. ft. 
at Rs.78 10as. per cawni. 


41. Find to the nearest palam the total weight gathered from 2 
cawnis 9 manies 1200 sq. ft. of ground at 2 candies 1 md. 5 viss 20 
palams per cawnie. 


INDIAN MEASURES OF CAPACITY. 


42. Find the cost of 7 mds. 5 dns. 1 pa. 1 rk. 1 kh. at Rs.16 Sas. 8p. 
a maund. (Bengal.) 
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43. Find the cost of 11 mus. 13 phs. 8 pays. 3 seers at Rs.8 das. 4p. 
per mudha. (Bombay.) 

44. Find the cost of 3 garces 48 phs. 3 mkls. 5 pds. at Rs.33 das. 
dp. per garce. (Madras.) 


EXERCISE XXXIII. 


Bulls. 


1. Make out a bill for 175 needles at Rs.6 4as. per 100; 8 doz. 
buttons at 13as. 6p. the gross; 3 yd. of velvet at Rs.3 2as. the yard; 
34 oz. thread at Rs.3 8as. the pound. 

2. Make out the following account, showing all the working: 210 
eggs at 9 for a shilling ; 39} lbs. of butter at 1s. 8d. per pound; 212 lbs. 
of tea at 1s. 9d. per pound ; 132 buns at 22 for a shilling. (c.w.) 

3. Make out a bill for the following articles: 174 yds. of silk at 
11s. 73d. a yard; 648 buttons at 1s. 91d. a gross; 154 yds. of velvet at 
1s. 113d. a yard; and 153 reels of cotton at 11d. a dozen. (0.8.1.) 

4. Make out and receipt the following bill: 94 yds. of flannel at 
1s, 53d. a yard; 26 yds. of calico at 2s. 13d. a yard; 23 yds. of muslin at 
3s. Td. a yard; 18 yds. of linen at 2s. 91d. a yard; 15 yds. of ribbon 
at 113d. a yard; half a dozen pairs of gloves at Ys. 34d. per pair. (c.w.) 

5. Make out a bill for the following : 23 doz. hats at Rs.2 10as. each ; 
62 doz. collars at Rs.4 2as. per dozen ; 53 doz. neckties at 13as. each; 
4 pairs of gloves at Re.1 13as. 9p. per pair; 16 pairs of socks at Rs. 9 
12as. per dozen. 

6. Make out a bill for 7? lbs. of butter at 1s. 7d. per pound; 92 lbs. 
of tea at 2s. 4d. per pound ; 13} lbs. of sugar at 24d. per pound; 7 lbs. 
of cheese at 1s. 13d. per pound; 43 lbs. of raisins at 54d. per pound ; 
and 19 jars of marmalade at 14 jars for 1 guinea. (k.s.) 


7. If I take Rs.100 to the shop, and buy and pay for the following 
goods, what amount do I bring away ?—10 reams of note-paper at 9as. 
per 5 quires; 1 ream of foolscap at 9as. a quire; 23 reams of blotting- 
paper at 10as. a quire; 5 packages of envelopes, containing 250 each, at 
2as. 6p. per packet of 25; 3 boxes of pens at Re.1 per box; 2 gross of 
penholders at 13as. 6p. per dozen; 4 gross of pencils at Tas. 6p. per 
dozen ; 200 visiting cards, with plate, for Rs.3 8as. 

8. A cheque for £3 6s. is tendered in payment of a grocer’s bill for 
9 lbs. of tea at 2s. 11d. per pound; 33 st. of sugar at 23d. per pound; 
5 lbs. of coffee at 1s. 64d. per pound; 6 qts. of vinegar at 43d. per pint; 
and 2 lbs. of gelatine at 34d. per ounce. How much honey at 93d. per 
pound can be bought with the change? (C.J.) 

9. Find the total cost of the following to the nearest penny: } lb. of 
tea at 2s.04d. a pound ; 33 lbs. of sugar at1s. for 5 lbs. Why would you 
get a different result if you found each sum separately to the nearest 
penny and added the two together? (P.T.) 

10, Make out this bill: 1192 lbs. of cake at 1s. 2d. a pound; 123 doz. 
skewers at 1s. 3d. a dozen; 1001 plates at 24d. each; 1210 small cakes 
at 2s, 3d. a score; 1 cwt. of butter at 114d. a pound. How can you tell, 
without working out completely the above items, that the following 
results for the respective items are wrong ?—(1) £5 19s. 103d.; (2) 
15s. 93d. ; (3) £10 18s. 6d.; (4) £6 17s. 2d.; (5) £5. 


CHAPTER XVII. 
GRAPHS. 


Constants and Variables.—A quantity which always has 
the same value is said to be constant, e.g. there are always 
16 annas in one rupee. Some quantities, however, depend 
upon circumstances, and so are not always the same, e.g. the 
temperature is different at different times of the year. A 
quantity which has not always the same value is called a 
variable. Suppose we consider a train moving. One variable 
quantity is clearly its speed, for it may go at 10 miles an hour 
or 20 miles an hour, or at some other speed. Another variable 
quantity is the distance the train travels. If we double the 
speed the train will go twice the distance in the same time, if 
it move uniformly with the same speed. In this case there is 
a relation between the two variables, and this relation may be 
shown by means of a diagram, and this diagram forms a 
graph. 

Graphs are usually drawn on squared paper, 7e. paper 
which is ruled so as to form a network of squares. The sides 
of the squares are usually =; of an inch, and the paper is con- 
venient to use because we need not be constantly measuring 
distances with a rule, the sides of the small squares serving as 
measures. 

Axes of Reference. Co-ordinates.—On a piece of 
squared paper, take one of the thicker horizontal lines and one 
of the thicker vertical lines, marking them as XOX’, YOY’ as 
in Fig. 1. Then the position of any point P can be indicated 
when we know its distances from the lines XOX’, YOY’. The 
point O is called the origin, and the lines XOX’, YOY’ the 
axes of reference. Consider the point P. It can be seen that 
to get to P from O we need to mark 7 divisions along OX, that 
is to the point M, and then to take 4 divisions vertically up 
from M. If we know PM, and OM, that is, if wé know the 
vertical distances of P from OX and OY, we can find P. The 
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distances from the axes are known as the co-ordinates of the 
point, the distance from the OX axis being known as the 
ordinate, and from the OY axis as the abscissa of the point. 
In this case the co-ordinates are 7 and 4; the abscissa being 7 
‘and the ordinate 4. When letters are used the abscissa 1s 
usually denoted by 2, and the ordinate by y. The abscissa is 


SR RE BSERBBARR Y BBB 
SERS SERS Bes a 
ni 
wi 


| a 
nS ee AY’ Ban 


always put first. Thus, if we say, the co-ordinates of a point 
are z and ¥, we mean that the abscissa is 2 and the ordinate y, 
and the point is usually spoken of as the point (#,y). The 
process of marking the position of a point from its co-ordinates 
is called “ plotting the point.” 

It is clear from Fig. 1 that the axes of reference divide the 
nlane of the paper into 4 spaces, XOY, YOX’, X’OY’, Y’OX, 
and these are known respectively as the first, second, third 
and fourth quadrants. The points Q, R, S are such that their 
distances from the axes are the same as that of P. To dis- 
tinguish these use is made of the following convention. All 


G 
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abscissa to the right of YOY’ are positive, all to the left negative. 
All ordinates above X’OX are positive, all below are negative, 
The co-ordinates then are P, (7, 4); Q, (—7, 4); RB, 
(—7, —4); 8, (7, —4). 

Example.— Plot the points (9, 8), (5, 5), and find the distance 
between them. 

1. Take 9 units to the right along OX, and then 8 units at right 


*. 


angles to OX and above it. ‘lhe point is P. 
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Fig, 2. 


2. ‘Take 5 units to the right and 5 up. The point is Q. 

3. To find the distance between P and Q, with centre Q and 
radius QP, draw an arc of a circle. Let this cut the horizontal line 
through Q in R. Then QR = QP. But QR = 5 units = (5 x 4 
inch = 4 inch. 

Straight-line Graph.—A very frequent relation between 
variables is for one to vary uniformly as the other. The 
graphical representation of this is a straight line. Suppose we 
have two variables 2, y connected by the relation y = 2a + 3, 
We can represent this graphically by plotting a number of 
points. ‘'o do this we give to x a number of successive values, 
0, 1, 2, 3, etc., and for each of these we get a corresponding 
value of y. It is most conveniently set out as follows :— 


x 0 1 2 3 4 5 


y=24+4+3 3 5) 7 9 11 13 


eer 
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These points are A, B, C, D, HE, F in Fig. 38. It will be seen 
that these lie on one straight line, which forms the graph ot 
the expression 22 -+ 3. From the graph itself we can see that 
when z is 10, y is 23, and for other values of x the correspond- 
ing values of y can at once be read off. 


[ Note.—Since a straight line is completely determined when we know 
two points on it, in drawing the graphs of such it is only necessary to find 
any two points on the line, and then draw the line through these points. ] 
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Fig. 3. 


Scale of Representation.—In drawing the graphs 
above we have taken ++ of an inch as the unit for @ and y, 
that is, both have been on the same scale. It may so happen 
that it is very inconvenient to measure the variables on the 
same scale, and as there is no absolute necessity for the scales 
to be the same, it is convenient in such cases to measure the 
variables on different scales. 


Example.—Draw the graph of y = 10a + 5. We have— 


| 


x |. 0 Baa | 8 4 5 


ey 


15 ab es Th ee 55 
| 
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If the pupil attempts to draw this graph with a scale of =}, inch as 
unit for « and y, he will find that when his abscissa is $ inch his 
ordinate is 55 inches. Not only is the graph of an inconvenient size, 
but the graph is inconveniently placed. To avoid this we choose a 
different scale for y. In this case let us take 54, inch as the unit for 


(Ht tata 2A ene tee aes 


fi 


—— 


1 
—~ Cmreh 
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a, but let 3'5 inch represent 5 units in the case of y. The graph will 
be found to be as in Fig 4. Corresponding to the value 10 for x, we 
can read off the value 21 for y; but as each tenth in this case repre- 
sents 5, the value of yis 105. The dotted line in the figure is the 
graph of the line when & and y are on the same scale, and it is obvious 
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from the figure how inconveniently large the figure would have to be 
if we wanted to get the value of y when # = 10 by using the dotted 
line graph. 

So far we have been dealing with straight-line graphs. But 
there are other forms of graphs which we shall proceed to 
illustrate. : 

Example.—The mean heights of the barometer in inches on ten 
successive days were as follows: 29°21, 29°12, 29:00, 29°25, 29°37, 
29°26, 29°46, 28°83, 28°66, 28°76. 

Draw a graph to show these variations. 


Suppose the distance between two successive horizontal lines 
represents +1, inch of the height of the barometer, and the interval of 
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one day to be represented by 3%; inch, measured along a horizontal 
line. The lowest height we have to represent is 28°66 in. Let us 
suppose then that the w axis represents a barometric height of 28 in. 
Let the y axis represent the first day. On that day the height of the 
barometer was 29°21 in. We can easily find the point in Oy, that is 
1:2 in. above O; for the additional ‘01 in. we have to estimate the 
distance. We mark the point. On the ordinate representing the 
second day we mark the point 1°12 in. above Ow, and so on for each of 
the succeeding days. We now join the consecutive points—-the first 
to the second, the second to the third, and so on—by straight lines. 
The resulting figure is the graph required. 

It will be obvious, from looking at Fig. 5, that we could not tell what 
the height of the barometer would be on any particular day if we 
only knew what it was on the preceding and succeeding days. For 
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consider the sixth and eighth days. The height on the sixth day is 
29°26, and on the eighth “day is 28°83. If, then, we were to argue 
that as the seventh day comes between the sixth and eighth, and 
therefore the height of the barometer ought to be between. 29° 26 i in. 
and 28°88 in., we “should be quite wrong. 

Example. —The population of England and Wales in millions at 
the end of each year is given by the following table :— 


Year . . |1891/| 1892] 1898 | 1894 | 1895 | 1896 | 1897 | 1898 | 1899 | 1900 


Population | 29°0 | 29:4 | 29-7 | 80-1 | 30-4 | 30-7 | 81-1 | 31°4 | 31-7 | 82°3 
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Draw a graph to represent this, and from the graph estimate the 
population at the middle oe the year 1895. 

Let the distance of 55 5 inch, measured along a horizontal line, 
represent 1 year, and let ak inch along a vertical line represent 1 mil- 
lion of population. Let the axis of y be taken for the end of 1891, 
and the axis of # as 29 million. Then the graph is as shown in Fig. 6 
It will be noticed that though the changes in the years are not always 
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the same, yet the population is constantly increasing. It is therefore 
fair to assume that between the end of 1894 and the end of 1895 the 
population is increasing, and the population at the middle of the year 
will be represented by the ordinate midway between 1894 and 1895. 
The answer is 80°25. 


Yote.—In this case we have been able to estimate a value between two 
other values, even though the graph is not a regular curve. This is called 
finding the value by INTERPOLATION. In drawing statistical graphs the 
pupil must carefully consider if it is legitimate to interpolate values. 


Example.—A local train starts from Madras for Trivellore, a dis- 
tance of 26 miles, at 6.30 a.m., and stops at the stations as follows : 
Basin Bridge, 2 miles, 6.36 ; Perambur, 4 miles, 6.46; Villivakkam, 


6 miles, 6.54; Ambattur, 10 miles, 7.3; Avad, 13 miles, 7.12; Tin- 
nanur, 18 miles, 7.25 ; Trivellore, 26 miles, 7.45. Draw the eraph, 
showing the times of arrival and the gece, of stations, 

Let ordinates Si ih te distances, zy inch representing 1 mile. Let 
abscissae represent time, 3/5 inch representing 2 mins. 

The graph is shown in Fig. 7 

Between Tinnanur and tiveltore there is a station, Sevvapet, 
22 miles from Madras. It is clear from the graph that the train ought 
to be at Sevvapet at 7.35 a.m. 

Example.—The readings in inches of a barometer during a certain 
day are as follows :— 
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il 2 3 4 5 6 Ji 8 


—. 


Midnight | 3a.m.| 6a.m./ 9a.m.| Noon | 3 p.m. 6 p.m.!9 p.m. 


— | 


29°73 29°70. | 29°72 | 29°77 | 29°72 | 29°65 |29°66| 29°78 


Draw a graph to represent these changes. 

We take the horizontal axis for the lowest height, viz. 29°65. Let 
‘Ol inch be represented by the distance between two horizontal lines, 
and let the space between two consecutive vertical lines represent half 
an hour, ‘ 

The points are 1, 2, 3, 4, 5, 6,7, 8in Fig. 8. In actual practice 
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Fig. 8. 


the variation of the height of the barometer would be registered auto- 
matically. A marking needle would press against the paper placed 
on a drum, and the drum would be made to slowly revolve.* Now, 
the graph made by the automatic register would not consist of a 
number of straight lines, 12, 23, 34, 45, etc., but would be a con- 
tinuous curve passing through all these points, somewhat of the nature 
of the dotted line in Fig. 8. In graphs of this nature it is usual to 
connect the points that are plotted by a freehand curve passing through 
the points. Of course, any number of such curves can be drawn, but 
that one is taken which lies most evenly among the plotted points. 
In interpolating a value between two knowr values we read from this 
curve, and not from the straight line joining the two values. 


HXAMPLES. 


Plotting Points and Lines. 


i Plot the following pairs of points and draw the line which joins 
em : 


ae sheet on these barometers usually gives the record for a whole 
week. 
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1. (3, 4), (6, 7). 23) Ay eee), 
3. (2, 0), (0, 4). 4, (—2 2) (8,.2). 
5. (6, 8), (—5, —8). 6. (7, —5) (0, 0). 


7. Plot the following pairs of points, and in each case find the 
distance between them: 


(.) (0, 4), (8, 0) Gi.) (6, 8), (—6, 3). 
(iii.) (11, 18), (—1, —17). (iv.) (12, —3), (4, 12). 
(v.) (0, 0), (6, 8). (vi.) (2, 1), (7, 18). 


8. Plot the following series of points and show that they lie on a 
straight line: (1, 2), (2, 5), (0, —1), (—1, —4), 


9. If y =4a +44 find the values of y when & has the values — 4, 
— 2,0°2,4. Draw the graph. 


10. Using the same axes of reference draw the graphs of the lines 
y=ae2+3 andy=5—2. Write down the co-ordinates of the point 
in which these lines intersect. 


11. Using the same axes of reference draw the graphs of :— 
(i.) y= 8a; (ii.) y= 8a —8; (iii) y= 3 — 38a, 


GENERAL. 


12. Draw a curve to represent the variation of temperature given 
by the following data, the temperature being in degrees Fahrenheit. 


12° | 9 hed eG eles. (10 | Mid- 
noon |p.m.|p.m.\p.m./p.m.|/p.m.| night 


2 \Geo 6 123110 


Time a.M./a.M./a.M.)a.mM./a.M. 


—————- | — —. | ——— | —————— 


Temp. | 71 | 70 | 69 | 73 | 79 


81 °| SL UFBOga rei ioy i i4)) 72 


13. The maximum and minimum shade temperature, in degrees 
Fabr., and the height, H inches, of the barometer as recorded at 
Madras on seven consecutive days are given by the following table :-— 


Day 2) 4 y) 8 4 5 6 7 


cerned | eee | Rs |S |S | TT 


Max.temp.| 89°38 87°3 85°3 84°3 86°3 |88°4 | 86°38 


ete es | ees aa |S | 


Min. temp.| 76°4 76°4 72°7 74°9 eed Os) TO" 


eee eee 


BS Coe 99°83 | 29°81 | 29°84} 29°90 |29°87| 29-83 
| 


Illustrate these results graphically, put the two curves of temperature 
on the same sheet. 


14. A train travels from Madras to Chingleput according to the 
following table :— 


G2 
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43 baa 4 “4 3 

mn D ee ea 2 rata = om ay 

Station. . . & a = es 5 5 9 oh ‘=A 

S ~ 3 q re veh es q 

Seeger pert | 8 es eae aie 

Ay = med © 

Distance from 

Madras. . eee 5 8 at 19 of 29 34 

Time os. DAC V IS MOB ree riGosoo: 1 7.6 1.7.29" | fea oem, tay 


e 
(i.) Draw a graph showing the times of arrival and the distances of 
the stations. 
(ii.) At what time ought the train to be passing through Guindy, a 
station 7 miles from Madras. 


15. Make a chart to show the variations in Indian Imports and 
Exports (in crores of rupees), for the past ten years, from the following 
data :— . 


Year. .| 1900 | 1901 | 1902 | 1903 | 1904 | 1905 1906/1907 1908/1909 


Imports.| 96 | 105 109 | 111 | 131 | 144 |144/162/179)| 152 


Exports.| 117 | 122 | 136 | 189 | 168 | 174 |177|181/183| 159 


Ld 


16. Illustrate graphically the variations in Indian Revenue in the 
years 1896-1905 from the following data :— 


| 1898 | 1899 | 1900 |1901)1902/1903)1904/1905 


Woar .. ..| L896eL80F 


———— 


In crores of 
rupees . 98 94 96 101 103° |) a3 Eee ea 7 


17. The population of the United States of Americais given according 
to the following table :— 


| 


OAR Raises 1840 1850 1860 1870 1880 | 1890 | 1900 


Population in | | 
millions. . 17 23 31 39 50 63 76 


Plot a graph to show the variation in population, and from it estimate 
the population in millions in 1895. 


18. For a given temperature, F degrees on a Fahrenheit thermometer 
are equal to OC degrees on a Centigrade. Corresponding values of F and 
C are given in the following table :— 
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Cy, ar Re re do 40 35 30 20 10 


Draw a graph to show the Centigrade reading corresponding to a 
given Fahrenheit temperature, and find the Centigrade readings 
corresponding to 98°4° F’. and 382° FF. 


19. The average annual premium (£P) for whole life assurance of 
£100 with profits for the age at entry (A years) is given by the following 
table :— 


| 

Ae ia 21 25 | 30 35 40 45 | 50 

— —_——— —_—_ —_—_—— ——— el a Tl a 
eae 2 2°16 2°44 2°78 3°23 | 3°79 | 4°58 


Draw the graph, and find from it the premium (to the nearest 
shilling) for the ages 28 and 43. 

20. The number of years, EH, that a female aged A years may be 
expected to live is given by the following table :— 


Meine S| 12°) 16 -| BOs 264) 82 | 861080 


E .. (53°20) 51-26 |48°13| 44°81 |41-66) 38°71 [35°83 83°00 |30°21| 27°46 


What is E (that is, ‘the expectation of life’) for females aged 5, 10, 
15, 35? 

21. The following table gives approximately the circumferences (C) 
of circles corresponding to different diameters (d) : 


i's 7-9 8-5 9-4 11 12°6 


2°5 2°7 3 3°5 4 


Plot these values on squared paper, and from the graph determine the 
diameter of a circle whose circumference is 10 ins., and the circumfer- 
ence of a circle whose diameter is 2°6 inches. 


22, The following is an extract from’a catalogue, and gives the 
prices of coir mats :— 


ee a nt 
Size (inches) 94%14 | 27x16 | 88x20 | 36x 22 | 39 x 24 


es | 


Price. . .| 16as. | Rel-4 | RsJ-12 | Rs2-2 | Rs.2-10 


Find graphically what should be the charge for a mat 30 inches x 18 
inches. 
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23. The following is an extract from a trade catalogue :— 


Saucepans. 
Capacity in pints. . 1 2 3 5 7 10 
rigs) (Rs.).° 2. Lee 8 8 819). oe ieee 


The prices for saucepans containing 4 pints and 8 pints are not given. 
Find graphically what the prices for such saucepans ought to be. 


24, The following data refer to population, and the numbers are in 
thousands :— 


Weare, 1800 1820 1840 1860 1880 1900 

Rhode Island . 69 83 109 175 NT 429 

Vermont... 154 236 292 315 By 344 
| 


Plot the graphs on the same diagram and estimate the population of 
each state in 1850. In what year was the population approximately 
the same in each state ? 


25, If W is the weight in ounces required to stretch an elastic 
string till its length is 7 inches, plot the following values of W and 1:— 


From the graph find the unstretched length of the string. 


26. A copper wire is stretched by a load, W kilograms, the exten- 
sion, é, in millimetres being given by the following table :— 


5) ak sae 10 20 so | 40 | 20 


ee eat. 2 OLE 


Draw a graph to show the relation of e to W. 


CHAPTER XVIIa. 
RATIO. 


Ratio is the relation existing between two quantities or 
numbers of the same kind with respect to the number of times 
the one is contained in the other. 


1. If one quantity, A, contains 12 equal parts, and another, B, 4 of 
those parts, the ratio of A to B is said to be as 12 to 4. In fact, ratio 
is a comparison as to how many times the one contains the other, and 
hence it may also be defined as the fraction that one number is of 
another; eg. 12. Thus, 12: 4 is 12 or 8, meaning that 12 is 3 
times 4. 

2. The quantities must be of the same kind. There is no ratio 
between 4 apples and 12 guns. Ratio has no definite meaning unless 
the compared quantities are of the same kind. 

As a result of this limitation, tho terms of a ratio are usually considered 


to be abstract numbers, for it is possible to pass from guantities of the same 
kind to the numbers which measure them, and conversely when necessary. 


3. If necessary, the quantities must also be brought to the same 
denomination. ‘l'o express the ratio between £5 6s. 7d. and £7 6s. 5d., 
both quantities must be reduced to pence. 

4, The number of times the first number contains the second is 
called the measure or value of the ratio; e.g. 12 = 3, and 3 is said to 
be the measwre of the ratio between 12 and 4. 

5. Although ratio is the relative magnitude of two quantities or 
numbers, ratio itself, just like a fraction, is a number, and not a 
quantity. ; 

6a. Methods of Eupression.—£2 is % of £3, or £3 is 3 of £2. The 
ratio between these two sums of money may be expressed (@) as 2 is 
to 3, (b) as 2:3, or (c) as 3. The sign (:) may be viewed as the 
division sign (+) with the line omitted, and thus marks the relation 
between ratio and fractions. 

68. Ratio and Fractions.—For practical purposes, these may be 
considered as two views of the same thing. But there are differences. 


1. A fraction implies partition, whereas a ratio doos not necessarily imply 
division, but comparison. 

2. A fraction is numerical, whilst a ratio may exist between two magni- 
tudes which are not numerical. 


7. In a ratio the first number is called the antecedent (that which 
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soes before), and the second the consequent (that which goes after) ; 
e.g. in the ratio 12 : 4, 12 is the antecedent and 4 is the consequent. 


Kinds of Ratio.—Every ratio must contain two terms, 
viz. the Antecedent and the Consequent. The various relations 
existing between these give rise to several forms or kinds of 
ratio. 


1. Ratio of Greater Inequality.—The antecedent is greater than 
the consequent; eg. 7:5. Such a ratio is said to be in descending 
order of magnitude. The fraction expressing such a ratio is always 
envproper. 

2. Ratio of Less Inequalityw—The antecedent is less than the 
consequent; ¢.g.5:7. Such a ratio is said to be in ascending order of 
magnitude, and the fraction equivalent to the ratio is always proper. 

3. Ratio of Equality.—The antecedent is equal to the consequent ; 
e.g.6:6. The measure of the ratio is always unity, for § = 1. 

4. Duplicate Ratio.—tThe ratio of the squares of two numbers is 
called the duplicate ratio of the numbers. 

e.g. Simple ratio, 7 : 5 
Duplicate ratio, 7? : 5? or 49 : 25 


5. Triplicate Ratio—The ratio of the cubes of two numbers is 
called the triplicate ratio of the numbers; e.g.— 


Simple ratio, 2: 3 
Triplicate ratio, 23 : 3° or 8 : 27 


6. Subduplicate Ratio.—The ratio of the square roots of any two 
numbers; ¢.g.— 
Simple ratio, 16 : 9 
Subduplicate ratio, 4:3 


7. Subtriplicate Ratio.—The ratio of the cube roots of any two 
numbers ; ¢.g.— : 
Simple ratio, 27 : 64 
Subtriplicate ratio, 3 : 4 
8. Compound Ratio.—The antecedents, or the consequents of two 
or more ratios are called homologous terms, and compound ratio is 
formed by the multiplication of these homologous terms; e.g. consider 
the ratios— 
71 233 S26 lie 
Then the compound ratio becomes (7 X 5 X 11) : (8 X 2 X 4), which may be 
expressed thus, § x 3 x 12 


Product of the antecedents _ 7 X 5 X ll 
te 


Product of the consequents eae 


It will be noticed that the given ratios may be expressed as 
fractions, hence the compounding of ratios is equivalent to the 
multiplication of fractions. 
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9. Inverse Ratio.—If the antecedent and consequent of one ratio 
become respectively the consequent and antecedent of another, the 
second is called the inverse ratio of the first ; e.g.— 

First ratio, 9; 11 
Inverse ratio, 11 : 9 


Some Properties of Ratio. 
1. The measure of a ratio is always an abstract number. 


A ratio may be formed by the division— 
(a) Of one abstract number by another; e.g.— 
Abstract numbers 24 = 4 (abstract) 


(b) Of one concrete number by another of the same kind; e.g.— 


£24 
Concrete numbers roa 4 (abstract) 


° 


2. Since a ratio may be expressed as a fraction, the truths 
of fractions are also the truths of ratio. 


To find the Ratio of Two Quantities. 


Example.—LHaxpress as a decimal the ratio of 4s. 6d. to 12s. 
Reduce to a common base (sixpences); find what fraction the first 
quantity is of the second, and reduce it to its lowest terms. 


Now, 4:. 6d. = 9 sixpences ; and 12s. = 24 sixpences, 
*, ratio is 9 : 24 


and 9 3-24 = = 3 = 375 Ans. 


Note.—Since a vulgar fraction may be expressed as a decimal, a ratio 
may also be expressed as a decimal. 


To divide a Given Number in a Given Ratio. 
Example.— Divide 144 into two parts in the ratio of 4: 5. 
1. We may consider the given nurnber (144) made up of groups of (4 + 5). 


Hence number of groups = 144 + 9 = 16 
And each group contains (4 + 5) shares 
Hence the number of shares will be 4 x 16, or 64, and 5 X 16 or 80 
Ans. 64 and 80. 


Given the Antecedent and Measure, to find the 
Ratio. 
Example.— Lind a ratio equal to 4 whose antecedent is 7. 
This simply means, find a fraction whose numerator is 7, equal to 3. 
EXP=H= 9H 
7 Wes: 


Then the required ratio is gi OF 7: 91 Ans. 
4 
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Given the Difference of the Two Terms and the 
Measure, to find the Ratio. 


Example.—Find a ratio whose terms differ by 30, and the measure 
of which is 3. 
In the ratio as 3 : 5 the difference is 2 
‘9 » (3 X 2): (5 X 2) the difference is 4 
» (3X3) :(5 x3) ,, » 6 
i.e. the difference is twice as great as the multiplier of the ratio. Then to 
obtain a difference of 30, we must multiply by 15 


Then as (8 < 15) : (5 x 15) 
or as 45 ; 75 is the ratio required. Ans. 


To divide a Number into Two Parts, so that Some 
Multiple of the One Part, together with Some 
Multiple of the Other Part is equal to Some Given 
Number. 


If two fractions or ratios are equal, we can multiply both by any 
number and add and subtract the products to form new numerators or 
denominators, either separately or together, without altering: the value 
of the fractions, provided we treat both fractions or ratios alike. 


Example.— Divide 33 into 2 parts, so that 7 times one part and 11 
times the other are together equal to 312. 


33 is thesum of the 2 parts, so that when 7 X 33 is taken away from 312, 
there is taken away 7 times each part. There remains then (11—7), or four 
times one part to be subtracted, and this must be equal to the number left 
after the first subtraction, viz. 81. That part, therefore, equals 81 + 4 or 
203. The other part is found by subtracting 20} from 33, and equals 123, 

Ans. 12%; 203. 

Proof.— TX 12F S893 

and 11 X 201 = 2223 
and 89} + 2223 = 312 


Given the Ratio of A to B, and of B to C, to find 
the Ratio of A to C. 


Example.—A and B are in the ratio of 5:6; Band Cof7:8. 
What is the ratio of A to C? 


A:B ; ; A:B 
56 Multiply the first ratio by 7, and the | 95 . 49 
: B:G second by 6, so as to make B equal in ; B: 0 
: each ratio . 
Rete: 42:48 


Then A:C as 35: 48. Ans. 


To finda Continued Ratio. 


Example.— The ratio of A to Bis as 3:4; of Bto Cas 5:6; of 
CtoDas7:8. Find the continued ratio of A, B, C, and D. 
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(a) A:B=38:4=105: 140 
(oe. © = 6: 6 = 1405 165 
(oe: D= 7:8 = 1687 192 
Bes: Os D = 105i Vaso eee 7192 


Notes.—(1) The first antecedent (105) is the product of the antecedents 
(3, 5,7); the last consequent (192) is the product of the consequents 
(4, 6, 8). 

(2) The consequent of one ratio becomes the antecedent of the next, and 
determines the number by which the consequent in each case is to 
be multiplied; e.g. in (6) 142 = 28, and 6 is multiplied by 28; in 
(c) 48§ = 24, and 8 is multiplied by 24. 

(3) If several quantities have ratios to one another, those ratios may be 
expressed in the form of a continued ratio. 


Example.—/J/ °2 of one number be equal to ‘04 of another, what is 
the ratio of the two numbers? (K.s.) 


yo of one number = +4, of the other 


, Bate | 
1.€. 4 99 +e) ae, 9 ” 


35 
.. ratio of the numbers is 5 : 2 
orl 

Ans. 1: 5. 


Example.—The sum of two numbers is 93, and their difference is 
43, Find the ratio of the numbers. (c.w.) 


Sum of the numbers = 98 
difference _ = 48 


.. 2 X smaller = 98 — 48 = 5 
and smaller = 5 + 2 = 24 = 24 
. larger = 98 — 24 = 72 
.. ratio of numbers is 24 : 73 
20 wiz 
9 39 8 ° 8 
99 99 20 ; bt 


Ans. 20: 57. 


Example.—Mind a fraction which shall bear the same ratio to 2 
that 2 does to 4. (0.8.) 


Fraction #2 
ae 
5 9 
1 
; Pee. OO. > aaa 
tee 7k * Ge 
ay 


Example.—A warehouse consists of five floors; the rent of cach 
floor is °9 tumes that of the floor below ; the rent of the middle floor is 
£38 15s. Hind the ratio of the rents of the highest and lowest floors, 
and find also the rent of the lowest floor. (K.8.) 
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The rents of the floors will be respectively — 
1, fo, (90)? (s'0)*, God” 
Now, (ih)! = £83} = 2H 
5 


Cie 
. _ £XQR X AQ X* AQ pies _ A 
. rent of lowest floor = exaxa figs = L4l8 
2 a0 
and rent of highest floor = (> 4x £195 


R 
3 BR 
= 22 X 9 X 9 x RX AR — £2187 
10 X1Q X LQ xKLQXS 80 
2 2 2 
*, ratio is 248+ ; 125 
6561 : 10000 


‘6561 : 1 
Ans. (a) ‘6561: 1; (b) £41 18s. 4d. 


Example.—Vind two numbers in the ratio of 84 to 22, such that 
when each is diminished by 11%, they shall become in the ratio of 4% 
to 34. (L.M.) 

Let N be the greater number; then— 


v3 
“3 of N is the other, z.e. $N 
3 
hia = be 43 es 
an — 32° 3h oe 
* 10N — 340 = 52N — 442 
192 — 2N 
i 
5 vn 
xi N 
Ro 8 
rt 1 
and 85 = N 


and other number = #N = 68 
Ans. 85 and 68. 


THEHORY. 


1. Define “ ratio.” (K.S.) 
2. Show that the ratio of two numbers may be expressed by a fraction, 
| (K.8.) 
3. In ratio the quantities to be compared must be of the same kind, 
Explain this, and state the result of this limitation. 
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4, What do you understand by the ‘‘ measure” of a ratio? Define 
antecedent and consequent. 

5. Define, with examples, the following forms of ratio: equality, 
greater inequality, less inequality. ; 

6. Explain the meaning, with examples, of duplicate ratio, triplicate 
ratio, subduplicate ratio, and subtriplicate ratio. 

7. A ratio is always abstract. Explain this statement. 


8. Take a ratio and show what effect each of the following alterations 
has upon its value: (a) the increasing of the antecedent; (b) the 
decreasing: of the antecedent; (c). the increasing of the consequent ; 
(d) the decreasing of the consequent. 

9. What is a continued ratio? Show how it differs from a compound 
ratio. : 


EXERCISE XXXIV. 


Ratio. 

1. (a) Which is the greater ratio, and by how much 2: 30r 9:13? 

(b) Alter the first of the above four numbers so as to equalize the ratios. 
(c.M.) 

2. Find the number that is to 73 in the ratio of Rs.45 ldas. to 
Rs.70 Tas. 

3. Find the ratio which 3 of £27 1s. 53d. bears to °6 of £42 10s. 10%d. 

(S.K.) 

4. Divide £47 17s. 6\d. by -3727272 . . . ,and express in a decimal form 
the ratio of £143 to the quotient. (s.K.) 

5. Express the ratio of 17 hrs. 45 min. 28 sec. to 124 hrs. 18 min. 16 
sec. as @ vulgar fraction in its lowest terms. (S.K.) 

6. Find a fraction which shall bear the same ratio to 3 that {4 bears 
to the third part of 33. (c.s.) 

7. Lf -2 of one number is equal to ‘04 of another, what is the ratio of 
the two numbers ? (K.S.) 
[+h-4+4 
ax 15 

9. Reduce to fractions in their lowest denomination the sums 
S494 44848; 148 +24+ 4 +4; andgtit+e+is +4; and deter 
mine the ratio which the first bears to each of the others, (u.M.) 

10. Two numbers are in the ratio of 24 and 30, and their L.C.M. is 
720. What are the numbers? (P.T.) 

11. Express in their simplest forms: (a) The ratio of 2) to 74; (b) the 
ratio of 3 of 53 ewt. 3 qrs. 3 lbs. to 4 of 65 ewt. O qrs. 11 lbs. (8.K.) 

12. Express in their simplest forms: (a) The ratio of 4°333 . . . to 
10} + 8°0333 ...; (b) the ratio of 3 of £5 9s. 8d. to 1:424242 . . . of 
£4 16s. 3d. (8.K.) 


13. Express in their simplest forms as vulgar fractions: (a) The 


8. Express 1 — asa simple ratio. (K.8.) 
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ratio of 2°12 of Rs.26 9as. to 18 of Rs.68; (b) the ratio of 2 of 2°050505 
. » . to 198 of 2:1060606 .. . 


14. In a certain town there are 15933 white and 50055 black inhabi- 
tants. Express in its simplest form the ratio of the number of the white 
inhabitants to the whole population. (c.H.t.) 


15. A walks 54 mi. in 2} hrs., B. walks 1210 yds. in 11} min. What 
ratio do their speeds bear to each other? (c.s.) 


16. If 5c. in. of mercury weigh 2°45 lbs., and 2c. in. of cast iron 
weigh °52 lb., what ratio does the density of mercury bear to that of cast 
iron? (S.K.) 

17. If 226 members of Parliament represent 12832803 persons, what 
is the ratio (of which the first term is unity) between representation and 
pepulation ? How many members at least should a population of 189860 
have on the same principle? (c.P.) 

18. Two persons buy postage stamps at 12 for a shilling; one retails 
them at 11 for a shilling, the other at 18d. a dozen. Compare their 
gains in selling £11 worth. (c.w.) 


19. A and B buy oranges at 10 for 12as.; A retails them at 9 for 
12as. and B at Re.1 lan. per dozen. Compare the gains of A and B in 
selling an equal number of oranges. 


20. Compare the savings of A and B at the end of the half-year, if 
A spends only Rs.28 12as. a week out of an income of Rs.3750 a year 
(52 weeks), and B spends only Rs.5 a day out of a weekly income of 
Rs.78 12as. 


21. Find the ratio of the rates for carriage on two railways, one of 
which charges 22s. 6d. for the carriage of 871 cwt. 44 mi., and the other 
31s. 6d. for the carriage of 48 cwt. 521 mi. (C.S.L.) 


22. If the price of coal be 42s. per ton, and the value of coal to the 
same weight of coke be in the ratio of 5:4, calculate the value of 
10 chaldrons of coke if 3 chaldrons = 2 loads, and each load weighs 
21 cwt. (c.w.) 


23. If A’s rate of profit is § of B’s, and for every guinea gained by B, 
C gains £1, compare the profits of A and C. (p.r.) 


24. A warehouse consists of 7 floors; the rent of each floor is ‘875 
times that of the floor below ; the rent of the fourth is £17 3s. Compare 
_the rents of the highest and lowest floors, and find that of the lowest. 
(K.8.) 
25. In a school the ratio of children in the 1st class to the whole 
school is 1 in 7; in the 2nd class 5 in 12; in the 3rd class 8 in 21; the 
remaining children, 15 in number, are infants. Find the total number 
of children in the school. (P.T.) 


26. If the ratio of threepenny to fourpenny pieces in a given sum 
which consists entirely of those coins were altered from 3:7 to 7 : 3, the 
sum would be diminished by £20. Find the sum. (k.s.) 


27. An estate is divided between two.claimants in the ratio of 53 to 
‘025; the money value of the smaller share is Rs.8571 8as. Express in 
rupees the corresponding value of the larger share, 


28. 16 men and 5 boys together dig a trench 180 yds. long, 3 yds. 
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wide, and 2 yds. deep in 4 days; 12 men and 9 boys dig one 142 yds. 
long, 3 yds. wide, and 3 yds. deep in 6 days. Compare the rates of 
working of a man anda boy. (c.PR.) 


29. Each person in Great Britain pays 9s. 6d., and in France 
17 fr. 22 c., to the support of the army; the size of the armies is as 
3:10, and the populations equal. Taking 25 fr. 20 c. to the £, what is 
the ratio of the cost of a British to that of a French soldier? (s.A.) 


30. The weight of a gold 10-fr. piece is 49°78 grs.; the weight of a 
silver 5-fr. piece is 385°8 grs., of which the equivalent in pure silver is 
‘782 oz, Troy. Ifthe relative value of coined gold and silver be 19°29 : 1, 
find the intrinsic value of a gold 10-fr. piece, the intrinsic value of pure 
silver being 4s. 2d. per ounce Troy. (¢.8.) 


31. A person finds that a hat which cost him 15s. lasted 7 months, 
and that another for which he paid 11s. lasted only 5 months. Which 
of the two qualities will it be more advantageous to him to buy in future ? 
» Show how your answer is obtained. (P.7.) 


32. The value of gold is fixed at 77s. 103d. per ounce. What should 
be the price of silver per ounce if its value were fixed in the ratio of 
1 to 154 to that of gold? (x.m.) 


33. If a steamer makes the passage from New York to Liverpool (say 
2760 mi.) in 9 days 14 hrs., and a train goes from London to Edinburgh 
(say 405 mi.) in 18 hrs., compare the rates of the steamer and the train. 


{C.S. ) 


34. The cost of making one bushel of wheat into bread (including 
the baker’s profit) is 2s. 3d. If the price of wheat falls from 60s. a 
quarter to 34s, a quarter, in what ratio ought the size of the 4d. loaf to 
be altered? (1 qr. =8 bush.) (c.w.) 


35. In two successive years the numbers of acres under wheat in 
Great Britain were 3125997 and 2914065; the average yields per acre 
were 27 bush. and 293 bush., and the prices per bushel were 4s. 9d. and 
4s, 3d, respectively. Find the ratio of the values of the crops. (c.m.) 


36. In an orphan asylum for a certain quarter of the year in which 
the average number of boys was 104, and that of girls 72, the whole cost 
of keep was £669 12s., while for a single month in which the number of 
boys was 91, and that of girls 60, the cost was £19117s. What is the 
ratio of the cost of a girl to that of a boy? (¢,H.L.) 


37. A earns £1 in 3 days, A and B earn £9 in 12 days, B and C earn 
£35 10s. in 42 days. Compare rates of wages of A, B, and C. 


CHAPTER: XV tise 


SIMPLE PROPORTION. 


Ir we take two simple ratios, e.g. 2:3 and 4: 6, and two other 
simple ratios, e.g. 2:3 and 3:4, and examine the pairs, we note 
a difference between them. ‘The first two ratios are equal, 
for 2 = 4, and the ratios may be written thus :-—2:3 = 4:6. 
But the second set of ratios does not present the same equality, 
for 2 does not equal §. 

In the first pair we discover an equality of ratws, and this 
equality of ratios is called Proportion. Proportion may thus be 
defined as an Equality of Ratios. 


Notes.—(1) In a ratio two terms are compared. 
(2) In a proportion two (or more) ratios are compared. 


Methods of expressing a Proportion. 

(a) oO stare) 20 

0) f= 38 

(c) As 6:12::20: 40 

Notes.—(1) The last method is the usual way, and is read, As 6 ts to 12 
so is 20 to 40. 


(2) The four dots :: are said to represent the four ends of the 
two lines expressing equality (: ==‘). 


Nomenclature of Proportion.—Consider the proportion 
B22: 20s ae 
1. Terms.—Each of the four quantities in a proportion is called a 
Term, e.g. 6, 12, 20, 40. 
9. Hxtremes.—Lhe outside terms, 6 and 40, are called Hxtremes. 
2 Means.—The inside terms, 12 and 20, are called Means. 


4. Order of Terms.—6 is called the first term, 12 the second, 
20 the third, and 40 the fourth. 


Two Great Truths of Proportion. 
1. The product of the extremes equals the product of the 
means. 
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General Proof. Special Proof. 
foe If6 :12::20: 40 
BC 
then ; = d 6 20 
eet ; then 75 = 7 
for multiplying each ratio by bd 12 40 
a c 6 20 
we get —x bd =— x BY for — X (2x 40=— x 12x 
Pear a= cx b .. 6 X 40 = 20 x 12 


This is the great truth of Proportion, for by it, given any 
three terms of a proportion, we can always find the fourth. 
Applying this principle, we can easily supply the missing term in 
any of the following :— 
(aye b2 3:20: 40 (overran. )-* 40 
MeysGe <2 220: 40 LU snes 2528-20) 
As we shall subsequently see, it is usual to assign the unknown 


quantity to the 4th term, but this is merely a convention; the 
“unknown quantity ”’ might be assigned to any other term. 


2. If the 3rd and 4th terms of a proportion are in 


GSCOnaIng order of magnitude, then the Ist and 2nd terms 


descending 
. § ascending 
in : order of magnitude. 
must be \ descending yy mag 
Seer 20..5:° 40 Pee On AO 890 
Ascending Ascending Descending Descending 
ratio ratio ‘ ratio ratio 


The following truth is a rider of No. 1 :— 

If the product of two numbers be equal to the product of two other 
numbers, the four factors can be arranged in a proportion. 

To do this, the two factors of one product must be the extremes, 
and the two factors of the other product the means, or conversely. In 
this way we may get eight different proportions; e.g. consider the 
case of 4 x 9 and 3 x 12. 

eed. 12. 9 | Le ae sD 
sei ie) A Mg ee 
Domeor cla. 4 neces Se 
B71i2%; 38:4 re care ge 6 

It would now be well to work two examples in proportion to 

illustrate the application of the two great truths given above. 


Example.—/J// 3 ac. 24 po. can be rented for £14, how much land 
of the same character may be rented for £20? (p.'r.) 


Step 1.—Classify the terms in “like pairs”? with a view to determining 
the ratio. 
£14 | f 3.ac. 24 po. 
£20 f | the required number of acres. 


os) 
12 
) 
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Step 2.—In accordance with custom, place the unknown quantity in the 


4th term. 
; : the required number of acres. 


Step 8. —Then, since the 3rd and 4th terms of a proportion form a ratio, 
and ratio exists only between quantities of a like kind, the quantity 3 ac. 
24 po. (3:4, ac.) must go in the 3rd term. 

: ie 32, ac. : the required number of acres. 


Step 4.—But 3.3; ac. is the amount of land rented for £14, and the “required 
number of acres”’ is rented for £20. The amount of land rented for £20 will 
be greater than the amount rented for £14; hence “the required number of 
acres” will be greater than 3.4, ac.; therefore the ratio is in ascending order, 


35'5 ac. : required number of acres 
——"" 
amount of land ‘ amount of land ) 
{ rented for £14 ; | rented for £20 f 
Less ; Greater 
al th eR ilo 


An ascending ratio 


Step 5.—But if the 3rd and 4th terms are in ascending ratio, then the Ist 
and 2nd terms must also be in ascending ratio (Truth 2, p. 203). Then 
arranging £14 and £20 in an ascending ratio, we have— 

£14 : £20 


Step 6.—And putting these quantities into the Ist and 2nd terms 
respectively, we have — 
£14 ; £20 :: 3.8, ac. : required number of acres. 
Step 7.—Now, Truth 1 (p. 202) states that the product of the extremes is 
equal to the product of the means, and since we cannot multiply concrete 


quantities together, and since the ratio between £14 and £20 is the same as 
the ratio between 14 and 20, we rewrite thus-— 


| 


14 ; 20 ate 3, ac. :! required number of acres. 


i.e. required number of ac. X 14 = 3,4 ac. X 20 


3 
*, required number of ac. = a = $8 x 22 ac. 


rw 


ac. = 44 ac. 
Ans, 4% ac. 
Example.—J/f 12 men can perform a piece of work in 8 days, in 
what time will 48 men perform the same ? 
1. Classify the terms. 
12 ae (8 days 
48 men \ the required number of days 
2. In accordance with custom, place the unknown quantity in the 4th term, 
: ny the required number of days. 
3. The quantity 8 days must go into the 3rd term to complete the ratio. 
; a Sdays : required number of days. 
4, Now, 8 days is the time 12 men take to do the piece of work, and “the 
required number of days’ is the time 48 men take. More time must be taken 


by 12 men than by 48 men to do the work, hence 8 days is greater than “the 
required number of days,”’ and the ratio is of the descending order. 
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: 8 days : required number of days 
—— eee 
time ae ’ time taken by 
by 12 men { 48 men 
greater time: less time 


descending ratio 


5. Then, as the 3rd and 4th terms are in descending ratio, the Ist and 
2nd terms must be also in descending ratio. Arranging 12 menand 48 men 
in descending ratio, we have— 


48 men : 12 men 


6. Putting these quantities in the first and second terms, we have— 
48 men : 12 men :: 8 days : required number of days, or, 
48 : 12 >: 8 days : required number of days. 
7. Applying Truth 1 (p. 202), we obtain— 
required number of days X 48 = 12 X 8 days 
Dan Sh 9 
Oh eee 


*, required number of days = 


Ans. 2 days. 


From the above explanations, the student may exercise his 
ingenuity in discovering the reasons for the following “Rule of 
Thumb” for working proportion :— 


Rule.—(1) Place the odd quantity in the 3rd term. 
(2) Arrange the other two terms in the following order :— 
(a) If the answer is to be greater than the 3rd term, 
place the larger quantity in the 2nd term. 
(b) If the answer is to be less than the 3rd term, place 
the smaller quantity in the 2nd term. 
(3) Multiply the 2nd and 3rd terms together and divide by 
the Ist term. 


Kinds of Proportion.—An examination of Step 4 in 
both of the above examples reveals a difference which is of 
some theoretical, but of little practical importance. In the 
first example, the money varies directly as the amount of land ; 
in the second example, the number of men varies wdtrectly or 
inversely as the time taken. The first example is said to be in 
direct, and the second in wverse proportion. 

1. Direct Proportion.—lIf in a proportion, an increase 
or decrease of the antecedent or consequent in the first ratio 
leads to a corresponding increase or decrease in the antecedent 
or consequent in the second ratio, the four terms are said to be 
directly proportional, ¢.g.— 

If 6 Ibs. of tea cost 12s., 10 lbs. will cost 20s. The ratio of the lbs. +f; is 


directly equal to the ratio of the shillings ($%), for more tea costs more money, 
and less tea costs less money. Similarly— 
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(a) The rent of a house varies directly as the time it is occupied. 
(5) The rent of land as the position, area, time. 

(c) The cost of carriage as the weight and distance. 

(1) The price of bread as the price of flour; and so on. 


2. Inverse Proportion.—If in a proportion an increase 
in the first antecedent means a decrease in the second antecedent, 
ora decrease in the first antecedent means an increase in the 
second antecedent, and similarly for the consequents, then the 
four terms are said to be wnversely proportional ; e.g.— 

If it requires 6 men to do a piece of work in 12 days, it would require 8 
men to do it in 9 days. Similarly— 
(2) For a given piece of work more workmen means less time. 
(5) In a carpet, the greater the breadth, the less the length required. 
(:) In provisioning a garrison, the greater the number of men, the less 
the time the provisions will last. 
(d) Inrunning a mile, the faster the pace, the less the time. 


The Rule of Three.—Proportion is often called the Rule 
of Three, because in every problem in Proportion three terms 
are given, and the fourth has to be found (p. 208). 

The Nature of the Rule of Three.—It will be observed 
that every sum in simple proportion involves a theorem and a 
problem. 


The Theorem.—The Theorem involves the application of Truth 2 
(p. 203), and requires the discovery of the relation that exists:bet ween 
the unknown quantity (the answer) and the known number of the same 
denomination (usually the érd term). 

The Problem.—The problem involves the application of Truth 1 
(p. 202), and is merely a process of multiplication and division, 4.e. 
having three terms given, the fourth is easily found. 

The two are closely connected together, for the problem depends 
on the theorem, since the theo-em arranges the terms to express the 
required relation. The theorem is the chief difficulty in all cases of 
proportion. 


Proportion and Fractions.—Since Ratios may he ex- 
pressed as fractions, some properties of fractions are great aids 
to the better understanding of direct and inverse proportion. 


1. Like Denominators.—lIf two fractions have like denominators, 
the fractions vary directly as their numerators; 7.e. they are to each 
other as their numerators ; ¢.g.-—— 


C Yee Ao a 4. . a 
9 . 9g ee . - 
Obviously, since the denominators are alike, the fractions are 


greater or smaller, according as their numerators are greater or 
smaller. 


2. Like Numerators,-—If two fractions have like numerators, but 
unlike denominators, then they are to each other in the inverse ratio 
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of their denominators; ¢.e. they vary inversely as their denominators ; 
e.9.— : 
trite: 16: Lordy tae is A: a 
We know that with the same numerator a fraction is greater cr less 
according as its denominator is less or greater. We know, also, that 
the four terms are proportionals, for #8, x 11 = ;& x 15, therefore the 
fractions vary inversely as their denominators. 


The Unitary Method.—This method is so called because 
the wnt is the medium through which the problem is solved. 


Thus, in the example below, we first find the value of a unit (in 
this case the length of time one man takes to do the work), and then 
proceed to find the value of any number of units. 

The method is also known as the Method of Unity, the Method of 
Analysis, and the Method of First Principles. 

We will now proceed to work two examples in the Rule of Three 
by the Unitary Method. : 


Example.—If 25 men do a piece of work in 15 days, in what time 
will 15 men do the same amount of work ? 


If 25 men do the work in 15 days The change from 
then 1 man does’ ,,_ ,, 15 x 25 days the quantity 25 men to 
R Xx 25 the quantity 15 men is 

and 15 men do oy init ys Mx 4p = 25 days made through a common 
unit (1 man). Hence 


Ans. 25 day S. the name of the method. 


Example.—ZJf 1b. cost 4s., what will 2 cwt. cost? (.7.) 


If § lb. cost ¢s. 

Then + Ib. ie : ee 

And ¢ lb. (or 1 lb.) 27 - : Ze 

Bettie tor lL owt), 2 aes 

And } ewt. sate EXE ie fers. = $2 1s. Od. 
3 


Ans. £2 1s. 942d. 


Note.—To be logical in this method, the division should be performed 
first, and then the multiplication; but it is often convenient to reverse the 
process, especially in a case of Inverse Proportion. 

Method of Work.—This involves a Statement and a Choice of Unit, then 
multiplication and division, or vice versd. 


1. The Statement.—The quantity which is of the same denomina- 
tion as the answer should always be placed /as¢ in the statement. 

2. Choice of Unit—The best unit should be chosen, and a little 
practice will help in its detection. As arule this unit is the G.C.M. of 
the two quantities, or that common measure which is most readily 
recognized; ¢.g. the unit for £25 7s. 6d. and £100 would be 2s. 6d. 
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Value of the Method.—It is said to be very simple, and the claim is based 
on the absence of mechanical rules. It is wide in its application, solving 
problems in all those rules like Interest, etc., which are mere applications of 
Proportion. It is the method of common sense, and it requires only a 
repeated application of the same process of reasoning. It affords good 
mental exercise, and exhibits more clearly the reason of the operation per- 
formed. It is a logical method, as each succeeding step depends on some 
preceding one. _It is also said to train in habits of neatness and exactness 
in the method of work. It is an advantage to know both the “ Rule of 
Three,” and the Method of Unity, but for practical purposes the latter is 
inferior to the former. In long or involved problems, if all the reasoning 
is set down, the Method of Unity becomes cumbrous and slow; whereas, 
much of the reasoning is done mentally in the “‘ Rule of Three.” 


The Query Form of Statement.—This form is really 
a species of shorthand. All the conditions of the problem are 
placed before the eye at a glance, and the terms that are to 
form the given ratio are brought together. 


Example.—J/ 20 loaves cost 8s. 4d., what will 60 cost at the same 
rate ? 
If 20 loaves cost 8s. met The form of reasoning is similar 
then 60 _,, ? to the ordinary method. 


2? 


The Common Term.—Apparently, more than three 
terms are sometimes given in a problem in proportion. In 
such cases one term will be found common to both conditions, 
and it can then be omitted ; e.g.— 


Example.— I// 72 men for 18 days’ work receive £119 7s. 6d., what 
ought 54 men to receive ? 


Here the term 13 days’ work is common to both conditions, and so 
can be disregarded. The statement then becomes— 


72 men ; 54 men :: £119 7s. 6d. : required amount. 


Continued Proportion.— Quantities or numbers are said 
to be in continued proportion when the consequent of one ratio 
becomes the antecedent of the next; 7.e. when the first term is 
to the second as the second is to the third, as the third is to 
the fourth, and so on; e.g.— 

OD BO Gere ad! te 
2 ee. 0... TG oo 

If the ratios are expressed in fractions, it will be seen that any two 

consecutive fractions have a common item; e.g.— 


Mean Proportional.—Jn any continued proportion, the 
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second term is called a Mean Proportional to the third: e.g. if 
a:b::6:c, then 0 is said to be a mean proportional to a and c. 
Hence, if in any proportion one mean is equal to the other, 
each of the means is called a Mean Proportional to the 
Extremes, 


Example.—Find a mean proportional to 4 and 16. 


This means: Find a number which bears the same ratio to 4 that 
16 bears to the required number. 


As 4 : required number :: required number : 16 
ze. required number squared = 4 x 16 = 64 
*. the required number = /64=8 Ans. 


The proportion thus becomes as 4:8:: 8:16. Hence the follow- 
ing Rule :— 

To find a mean proportional to two gwen numbers, multiply 
them together, and take the square root of the product. 


Third Proportional.—/fa:b::b:¢, thence is called the 
third proportional to a and b. 


Example.—Vind a third proportional to 50 and 120. 


The statement is, as 50 ; 120 :: 120 : required number 
24 


=e ay ery 


the full proportion is then 50 : 120 :: 120: 288 


Notes.—(1) A third proportional, like a mean proportional, is found only 
in a continued proportion. 
(2) In each case, although there are four terms, there are only 
three different quantities. 
(3) ‘Mean Proportional” and *‘ Third Proportional”? are interde- 
pendent, for where the one exists there the other is found also. 


.. third proportional = 


Fourth Proportional.—This is not a case of continued 
proportion, but the usual case of the Rule of Three. We have 
the first three terms in a proportion given, and it is required to 
find the fourth ; e.g.— 


6° 1a 20 oe 
Some Examples in Proportion. 


Example.—Jf 77 tailors can execute an order for regimental 
clothing in 30 days, how many more tailors must be engaged to com- 
plete the order 8 days sooner? (P.T.) 
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By the Unitary Method. : 
; By Proportion. 
If in 30 days the work 77 beds Y P 
is done by = : bas ; 
Then in 1 day the\ 7.99 | 22 days . 30 days: 1-17 mapa samen 
workisdone by Jf d3 15 7 
And in (30 — 8) or 22 30 x RX 
days the work is >77X30 ,, t= = 105 
done by 3 3 
22 | ; 
= 105 tailors -. number of | _ 195 _ 77 = 98 
*, number of ad- | _ 105 — 77 = 28 | extra men 
ditional tailors { ~ ne 
Ang.i28.--"-| Ans. 28. 


Example.—// either 5 ouen or 7 horses eat up the grass of a field 
in 87 days, in what time will 2 oxen and 3 horses eat up the same 
quantity 2? (0.8.) 

5 oxen = 7 horses 
a: LOR es 
and 2 oxen + 3 horses = (2 x £+ 8) horses = 42 horses = 5% horses 
We then get the following statement :— 


29 horses : 7 horses :: 87 days : required number of days 


*, required number of days = 


Ans. 105 days. 


Notes.—(1) In mixed denominations of this nature, it is necessary to 
reduce the terms (oxen, horses) to the same denomination 
(horses), and then to proceed as in simple proportion. 
(2) Ifit is thought undesirable to speak of the fraction of a horse, 
the objection can be met by multiplying all the terms of the 
proportion by 5. We then get the following statement :— 


29 horses : 35 horses :: 435 days : 5 X required number of days 
35 X 435 


.. 5 X required number of days = a days 
7 15 
and required number of days = Nace = 105 
1 1 


Proportion, direct and inverse, may be illustrated 
graphically. _ 

Using the example corresponding to Fig. 3 of Chapter XVITI., 
it is clear that w is not proportional to y. But 


Z 
eet eye. > eLC. 
Yoo 


2 = 
and therefore if we take 8 from the ordinate we get a propor- 
tion. If we draw the horizontal line through A (see Fig. 3), 
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and regard this line as our new axis of 2, the ordinates and 
abscissae are now proportional. The student can easily verify 
for himself that y = az represents a straight line through the 
origin. Using this fact it is easy to draw graphical scales 
which will serve as ready reckoners. 


Example.—Draw a graph to show the relation between the Fah- 
renheit thermometer and the Centigrade. 
Here we know that 
OF Cool. 
and |» «LOO2 Oiv212°. EB. 


3 
& era? 
Se 


aN BS ig 
el BA Ge BAe ie 
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ae ee ee 
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eS 
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PN 


25262 728292102 122 42 162 182 202212 x 
Fahrennett 
Fig. 9. 


Represent the Fahrenheit scale along the axis of #, 1 in. represent- 


ing 50°, and represent the Centigrade scale along the axis of y, 1 in. 
representing 50°. 
Then we have 


Centigrade 
=—-N WRN OA N O 
©Oo0 000.006 006 


F°.212 — 32 180 


oe 100 97.100 
The point O represents 382° F. and (0° C. 
6 Sag 12° Fond. 100° G; 

Corresponding values of F. and C. can be read off from the graph. | 
For example, take the point P. Its abscissae = 122 and its ordinate 
= Dy, 23 122° F. = 50° ©. 

Inverse Proportion.—A case of inverse proportion is 
given by the problem of the number of men required to do a 
piece of work. Suppose 5 men can complete a piece of work 
in 5 days, then the relation between 2 the number of men and 
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y the number of days is cy=25. We get therefore the 
following table :— 


———_——_. eae (eee (ene Fe SS  — neememenmmmrrss (rman me ens, Nc os) 


Plotting these points and drawing a freehand curve through 
them we get the graph in Fig. 10. 


alsa aha 
| ROO! L040 0 
Se a 
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») Biel 
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1 | ats be 
fe (ee ae 
: tot Rta ie l= [amet 
O 5 10 iS 20 25 
Mere 
Fig. 10 
THRORY. 


1. When are four numbers said to be in proportion? (c.w.) 
2. What is meant by ratio, and how does it differ from proportion ? 
(u.M.) 
8. Explain the term “ proportion.’”’” In working a problem in pro- 
portion, is it necessary or merely convenient to make the unknown 
quantity the fourth term? (P.T.) 
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4. What is meant by the rule of three direct and. the rule of three 
inverse? (K.S.) 


5. When are three numbers said to be in continued proportion ? (P.T.) 
6. Define “mean proportional,” and give an example. (K.S.) 


7. Explain the meaning of the term “unitary” in the unitary method 
of working rule-of-three sums. (c.M.) 


8. How do you find the first term of a proportion when the remaining 
three are given? (1.1.) 


9. Show in what way the following is incorrect: £2 10s. : £125 
>: £5: 250. (P.7.) 

10. The three terms of a rule-of-three sum in proper order are £4, £5, 
and 7 tons 3 cwt. What alteration must be made before the ordinary 
rule, ‘multiply the second and third terms together,” etc., can be 
applied correctly? (x.s.) 


Il. (a) Write in words only the sentence 11:3 :: 22:6; (b) write 
the same sentence without words and without dots, using fractions. (2.7) 


12. Determine whether it is true that 5d. : 21d. 3: Qld. : 4d. Prove 
that by adding a farthing to one of the three sums, 1s. 33d., 2s. 24d., 
and 3s. 72d., we can make the second a mean proportional between the 
other two. Also, without multiplying out, prove that there is only one 
of the three sums to which a farthing can be added with this result, 
(Reduction is allowed.) (k.s.) 


13. Do one of the following sums by proportion, and explain clearly 
why the other cannot be done by proportion: (a) A clerk’s salary begins 
at 18s. per week, and is increased by 1s. per week after each completed 
year of service. What is the rate of salary during the fifth year of 
service? (b) A watch, ticking at a uniform rate throughout the year 
1899, ticked twelve million and fifteen times in April. How often did 
it tick in February? (P.7.) 

14. Show clearly how a ratio is measured, and the relation that pro- 
portion bears to ratio, giving an example in illustration of your answer. 
Suppose an express train travels 15 mi. in 20 min., and an ordinary train 
20 mi. in ? hr., state the ratio of the speed of the express to that of the 
ordinary train. (P.T.) 


EXERCISE XXXYV. 
Simple Proportion. 


Complete the following proportions :— 
1. 287 : 492::[ ]: 5376. (c.w.) 2 64:[ ]::576 +295. (K.8.) 


8. [ ]:17::804:67. (xs,) 4, 832:122::[ }]:2440. (xs,) 

Find the fourth proportional to— 

5. 18; 35; 128. (c.H.1.) 6. 3; 4; 3. (c.w.) 

7. 45; ‘8; 369. (0.8.2. Ks.) 8. Zof owt; 21glbs.; 1=* ton, 
roe 
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Find a third proportional to— 
9. (a) 5; 05 (u.m.); (0) 7; 100; (c) 4; t- 
10. If 6 tons 16 cwt. of coals, bought at the pit’s mouth for £4 5s., 


are carried 108 miles at a charge of $d. per ton per mile, what is the total 
cost per ton on delivery? (0.8.L.) 


11. If a human heart expels 5 oz. of blood at each beat, and 
98000 lbs. in the course of a day, how many beats would it make in a 
life of 72 yrs. long, each year consisting of 365; days 7 (key 


12. Ina book on arithmetic an example was printed thus: “If 
423 yds. cost £12, how much will 114 yds. cost? ” the denominator of the 
fraction being accidentally omitted. The answer at the end of the book 
was £32. Find the missing denominator. (P.1.) 


13. A tree casts d’ shadow 16 ft. 6 in. long, while the shadow of 
a neighbouring tower is 49 ft. 6 in. If the height of the tower be 
94 ft, 6 in., what is the height of the tree? (P.T.) 


14. If 3 sheep per acre are sufficient for prairie land, how many may 
feed upon a plot 240 mi. long by 18 mi. broad? (C.P.) 


15. If 12 guins. worth of water leak out of a reservoir in a week, 
what value would be lost at the same rate of leakage in 2 wks. 1 day 
20 hrs. 42) min.? (C.8.L.) 


16. If a penny weighs } oz., find the weight in tons of a sum of 
£30800 in pence. (C.PR.) 


17. Work the following sum by the rule of three and by “first 
principles” (the method of unity): If the carriage of 10 cwt. 14 lbs. for 
793 mi. cost Rs.118 2as., what will it cost to have 1 ton 1 cwt. 1 qr. 
conveyed the same distance ? 


18. A soldier who enlisted on the day that he turned 18 years of © 
age, will have, on retiring, a pension proportioned to the length of his 
service. If he retires at 56 years of age, the pension will be 93d. a day. 
At what age must he retire in order to have a pension of 8d. a day? 


(P.7.) 


19. Silver was in demand at 413d., showing a rise of 7;d. per ounce. 
What was the value of 1000 oz. before the rise in the price? (P.T.) 


20. If (24 of 3+ 8 of 3!) of an acre of land be worth Rs.3850, what 
41 72 
will 7 times (crs: of = x zis) of 2! ac. be worth at the same rate? 
Dead 9 


21. Determine the height of Mont Blanc in old Parisian feet; its 
height being given as 15784 in English feet, and the ratio of the English 
to the old Parisian foot being as 1°0297 to ‘9662. (L.M.) 


22. The weight of a cubic inch of water is 253°17 grs. ; that of a 
cubic inch of air ‘31 gr. Find to three places of decimals how many 
cubic inches of water are equal in weight to 1c. ft. of air. (0.8.1) 


23. If 1c. ft. of water is equal to 6:25 gals. or 62:321 lbs., find the 
number of gallons and the weight of water contained in a ‘cistern 4 ft. 
long by 24 ft. broad and 3 ft. deep. (0.8.) 

24. If -3 of an acre of building land fetch 156 of Rs.198, what 
ought ‘285714 of 7 ac. to fetch at the same rate ? 
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25. If 857142 of 1-925 of 13 cwt. 2 qrs. of bread costs £16 18s., what 
should be the price of a 2-lb. loaf? (c.s.) 


26. A boy is paid at a fixed rate per inch for the distance he jumps 
, beyond 8 ft. If he is paid 53d. for a jump of 9°26 ft., what should he be 
paid for a jump of 9°27 ft.? (v.7.) 

27. If the weights of the same bulks of mercury and glycerine be as 
11 to 1, what will be the height of a glycerine barometer when the 
mercurial barometer stands at 29:45 in.? (c.m.) 


28. Sound travels at the rate of 1140 ft. per second. An engine 
travelling towards a signal box at the rate of 50 mi. an hour, whistles 
when 684 yds. away. How far is the engine from the box when the 
signalman hears the whistle? (p.r.) 


29. A steamer which starts regularly at 11.835 a.m., and should 
perform a certain journey in 4} hrs., is fined so much a minute for 
arriving late. When it arrives at 5.10 p.m. it is fined £2 6s. 8d. What 
is the steamer fined when it arrives at 6 p.m.? (P.1.) 


30. If 2 cub. in. of mercury weigh 1 lb. avoirdupois, and if 100 cub. 
in. of air weigh 31 grs., find how many miles in height a column of air 
will be which has the same weight'as, and stands on a base of the same 
area as, a column of mercury 29°388 in. high. (c.s.1.) 


31. A girl was absent from illness 39 days out of a term of 63 days, 
the school fees were £4 19s. 6d., and 12s. were deducted from the fees. 
What fraction of the proportionate amount did the school authorities 
remit? (S.A.) 

32. The death rate in a town is 16-25 per 1000 of population for a 
half-year of 26 wks., and 803 persons die in a year of 865 days. What 
is the population? (c.s.) 

33. Cleopatra’s Needle on the Thames Embankment is erected upon 
a pedestal 16 ft. high. The whole column of Needle and pedestal casts 
a shadow of 23 yds. 12 ft.; the pedestal at the same time throws one of 
4 yds. 23 ft. What is the total height of the Needle and the Bes) ? 

eB. 

34. The number of grains in 1 lb. troy is to the number in 1 Ib. 
avoirdupois as 144:175. Determine the weight avoirdupois that will 
equal 21 lbs. 1 oz. 15 dwts. troy. (c.P.) 


35. A certain piece of excavation cost £1347. How much would it 
have cost if the wages of the workmen per day had been increased by i, 
and the length of the working day increased by 3? 


36. What must be the cost per 1000 of producing oysters if a dozen 
can be sold for 93d, at a profit of 5¢.? (K.s.) 


37. Watching Helen and Annie at their sewing, I found that Helen 
had made 92 stitches more than Annie, and that together they had made 
1104 stitches in 9 min, 12sec. How many could Helen make in 13 min.? 

(K.8.) 

38. If 35 men can do a piece of work in 45 days, and if 7 men drop 

off every 15 days, find what time will elapse before the work is finished. 
(C.8.) 

39. If 6 men and 2 boys build a wall in 27 days, in how many days 

will 27 men and 9 boys build it? (P.7.) 
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40. If it cost as much to feed 3 men as to feed 4 boys, and for 3 boys 
the cost is found to be 19s. 23d. per week, how much per week will it 
be for 51 men? (C.J.) 


41. If 3 men with 4 boys earn £5 16s. in 8 days, and 2 men with 3 
boys earn £4 in the same time, in what time will 6 men and 7 boys 
earn 20 guins.? (C.P.) 


42. A town is provisioned for a siege of 6 wks., its population being 
20000. How many people must leave the town in order that, at the same 
rate of consumption per head, the provisions may last for 8 wks. ? (P.T.) 


43. A fort had provisions for 200 soldiers for 30 days. After 5 days 
50 more men entered the fort. How long will the food last at the same 
rate? (C.w.) 


44, A besieged town has provisions to last 3 wks. Its population is 
22400. How many people must be sent away in order that the provisions 
may last for 7 wks.? (P.T.) 


45. A garrison of 2000 men has provisions for 54 days; at the end 
of 15 days a reinforcement arrives, and it is found that there are now 
provisions for only 20 days. What was the reinforcement ? (K.S.S.) 


46. A garrison of 1000 men, provisioned for 60 days, was reinforced 
at the end of 18 days, and the provisions were exhausted at the end of 
30 days from that time. Of how many men did the reinforcement 
consist? (K.s.) 


47. A garrison of 1800 men is provisioned for 12 wks. How long will 
the provisions last if 600 more men are introduced, but the daily allowance 
per man is diminished by one-third? (c.w.s.) 


48. A besieged town, containing 5000 people, has provisions for 30 
days at the rate of 12 oz. for each person per day. Suppose a quarter 
of the population leave the town, and each person left is allowed 15 oz. 
per day, determine the time the provisions will now last. (P.T.) 


Graphical. 


49. Draw graphs to convert— 
(a) Inches to centimetres, having given that 1000 ins. = 2540 cm. 
+ Miles to kilometres, 1000 mi. = 1610 km. 
c) Yards to metres, 1000 yds. = 915 metres. 
(d) Pints to litres, 1000 pts. = 570 litres. 
(e) Pounds to kilograms, 1000 lbs. = 455 kg. 


50. Assuming that 60 Strait Settlement dollars are equal to 7 
English sovereigns, draw a graph to represent the relation and find the 
number of dollars in £10, and the number of pounds in 35 dollars. 


Ol. The marks gained by candidates in an examination were 70, 48, 
50, 60, 59, and the maximum obtainable was 75. It is desired to raise 
the maximum to 100. Draw a graph to do this, and from it read off 
the adjusted marks of the candidates. 


CHAPTER XIX. 


COMPOUND PROPORTION. 


Definition.—Compound proportion may be defined as the 
equality of ratios, one of the ratios being compounded. 


The student should carefully distinguish betaveen— 
(a) Compound ratio (p: 194). 
(6) Compounded proportion (p. 209). 
(c) Compound proportion, the subject of this chapter. 


For the solution of questions in this rule, it is necessary only to 
compound two or more ratios and then proceed as in simple proportion. 
The study of an example in compound proportion will show it to be 
composed of a certain number of simple proportions, with a common 
third term, all combined into one operation. 


Example.—ZI/ it cost £11 5s. to provide oats for 7 horses for 20 
days, when oats are at 16s. 6d. per quarter, how much will it cost for 
55 horses for 12 weeks, when oats are 13s. 6d. per quarter? (K.s.) 


This problem can be analyzed into three simple proportions. 

(a) If it cost £11 5s. to provide oats for 7 horses, how much will it cost to 
provide oats for 55 horses ¢ 

(5) If it cost £11 5s. to provide oats for 20 days, how much will it cost to 
provide oats for 12 weeks ? 

(c) If it cost £11 5s. to provide oats when oats are 16s. 6d. per quarter, how 
much will it cost when oats are 13s. 6d. per quarter ? 


Stating the above as three simple proportions, we obtain— 
(a) 7 horses : 55 horses :; £11} : required number of pounds. 
(b) 20 days : 84 days :: £11}: 4 a 
(c) 1648. ; 134s, ieee A Wb Bae $5 Fe m 
i Arranging in the conventional form for compound proportion, we 
ave— 
horses 7 3 55 
days 20 :84 }:: £114: £2 
shillings 164 : 134 
pe 55 x 84 x 132 x 114 
7 x 20 x 164 


= £1215 = £308 15s. 
Ans. £303 15s. 
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133. , cat 
163? the simple ratio is i It 


will be seen that in the compound ratio three antecedents are compounded 
for a new antecedent, and three consequents for a new consequent. 


Note.—The compound ratio is 55 x $4 x 


Rule.—From a study of the above example, we may deduce 
the rule— 

1. Write down in the third term that quantity which is of 
the same kind as the answer. 

2. Take any two other terms of like kind, and with the 
third term make a simple proportion, and proceed in the same 
way with every other pair of like terms. 

3. Arrange all the antecedents under one another in a 
column, and all the consequents similarly in another column. 

4, Multiply all the second terms (the consequents) and the 
third term together, and divide the product by all the first 
terms (the antecedents). 

Notes.—(1) Any first term may be cancelled into any second term, or into 
the third term, at any stage of the multiplication or division. 

(2) The first and second terms in each statement must, when of 
different denominations, be reduced to the same denomina- 

tion ; and the common third term, when compounded, must 

be reduced to the lowest denomination, unless it can be con- 

veniently expressed as a fraction of a higher denomination. 

Proof of Compound Proportion.—If the corresponding ratios of 
two or more proportions are compounded, the resulting ratios will form 
a proportion. 


Arithmetical Proof. General Proof. 
For3:4= 6:8, or?=§ 1 a vac h 
and e: f=g : h \bnen 


Holl Ul 


rll aor 
Hip alo 


and 5: 9=10: 18, or 3 
and 2:3'= 147521, ere nd Pane aek : bfl=cgm : dhn 


~2X3xXZ=8 xX ig x 44 ahi platy ee 
paper SY OF BCG C2 ee ag 
(4X9 x 3) f° 28 & 18 x 21) ge eS 
i.e. 30:108 :: 840: 3024 Similarly, =< and + =— 
Pe tee woe as La toon 
sel} e€ k_¢ J. m 
5 Nop OT ee 
aek _cgm 
* BFL — dhn 


or aek: bfl:: cgm: dhn 
Double Rule of Three.—Compound proportion is often so named, 
but the name is not a good one, for it is sometimes incorrect. It is 


often Double, and often something else—Treble or Quadruple Pro- 
portion. oe 


Compound Proportion and the Unitary Method. 
Problems in compound proportion may be solved by the 
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Unitary Method, which affords good mental training, especially 
in involved cases. 

Example.—Jf 180 men in 6 days, working 10 hrs. each day, can 
dig a trench 200 yds. long, 3 yds. wide, and 2 yds. deep, in how many 
days, of 8 hrs. each, will 100 men dig a trench 360 yds. long, 4 yds. 
wide, and 3 yds. deep? 

First Solution. 

Time for 180 men to dig 200 xX 3 X 2 


ce. yds. at 10 hrs. a day \ Beoeye 
Time for 1 man to dig '200X 3.x 2); 

ce. yds. at 10 hrs. a day OER eo Cae 
Time for 100 men to dig 200 X3 x 2) _ 6 xX 180 RRs 

c. yds. at 10 hrs. a day Het L00 y 
Time for 100 men to dig 1 c. yd. at ) _ 6 x 180 

10hrs.aday | = T00 x 200 x 3 x 9 tays 
Time for 100 men to dig 360X 4X3 | _ 6x 180 x 360x4x3 

ec. yds. at 10 hrs. a day J — 100 x 200x3x2 days 
Time for 100 men to dig 360 X 4x3) _ 6x180x360x4x3x10 

ce. yds. at 1 hr. a day = 100X200 3X2 days 
Time for 100 men to dig 360 x 4 x 3 _ 6X180x360x4x3 x10 

¢. yds. at 8 hrs. a day \ ~ "100 X200X%3 X28 days 

= 483 days 
Ans. 482 days. 
Second Solution. 

*Time for 180 men to dig 200X3 X2 | _@ 

c. yds. at 10 hrs. a day costs 
Time for 1 man to dig 200X3XK2 | _ 

ce. yds. at 10 hrs. a day oo eye 
Time for 1 man to dig 1c. yd.at10 | __6X180 ,. 

hrs. a day = 3200x3 x2 OY 

_*Time for 1 man to dig 1c. yd. at 1 hr. } = Ox 180°X' 10 d 

ay. e200 x 3 xe 5 os 
Time for 100 men to dig 1c. yd.at | _ 6x 18010 d 

1 hr. a day — 200 x 3 x 2x 100 “"* 
Time for 100 men to dig 360K 4X3) _ 6X180X10x360x4X3 

c. yds. at 1 hr. a day rg 2003x2100 days 


*Time for 100 men to dig 360 xX 4 X 3 6x180x10x360x4x3 
c. yds. at 8 hrs. a day \ = 300 x3xX2X100X8 Ve 
= 483 days 
Ans. 482 days. 


In the first solution, as soon as one quantity in the statement por- 
tion of the problem is reduced to unity, the quantity in the question 
portion of the prob'em is introduced. In the second solution all the 
quantities in the statement portion of the problem are reduced to 
unity before any of the quantities in the question portion are 
introduced. 


* Subsequently the process might be reduced to these three statements, 
the intervening steps being omitted. 
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The Fractional Form.—The advocates of this method of doing 
problems in compound proportion claim that it is easy of comprehen- 
sion, that its superiority is especially marked in complex problems, 
and that it does away with the unnecessary distinction between simple 
and compound. The student will, however, need to remember two 
rules of variation. 


1. Direct Variation.—Two quantities are said to vary , directly when one 
increases (or decreases) as the other increases (or decreases). 

2. Indirect Variation.—Two quantities vary indirectly when one increases - 
as the other decreases. 


Example.—If 44 men can build a wall 308 yds. long in 14 days 
of 8 hrs each, how long will tt take 25 men to build a wall 200 yds. 
long, working 9 hrs. a day ? 


44 men build a wall 308 yds. long in ee of 8 hrs. ene 


25 9° ” 200 39 99 ? 9 9 
f 2 8 : 
then a = aoe . a days = +28 days = 142 days. Ans. 
= . 


To understand the above statement, we must note that the required 
number of days will vary— 
(1) Indirectly as the number of men. 
(2) Directly as the length. ~ 
(3) Indirectly as the hours per day. 


Rule.—This can be deduced from the above example. 


1. Write down the statement of given facts. 

2. Underneath write the query part of the problem. 

3. The formation of the fraction will depend upon the laws of 
variation. 


(a) Place the odd term in the numerator. 
(0) Take like terms in pairs, and see whether each pair varies directly 
or indirectly with the odd term. 
(1) If directly, invert the pair of terms, 
(2) If indirectly, place the figures without inverting them. 


4, The fraction should then be simplified. 


THEORY. 


1. Give the rule for stating asum in the double rule of three. (c.w.) 


2. State and explain the rule for working sums in compound propor- 
tion. (K.S., P.T.) 


3. Tixplain fully how simple een differs from compound 
proportion. (C.Ww.s.) 
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4. “The double rule of three is a shorter method of working out 
such questions as would require two or more applications of the rule 
of three. Exemplify this statement. (c.w.) 


EXERCISE XXXVI. 
COMPOUND PROPORTION. 


1. If Rs.160 will maintain a family of 8 persons for 11 wks. 3 days, 
_ for how long a time (in similar circumstances) will Rs.210 maintain 
a family of 12 persons? (K.S.) 


2. A contractor, having undertaken to make a railway in one year, 
employs 750 men for 44 mths., and then finds he has done }, of his 
work. How many men must he employ for the remaining time in 
order to complete his contract as agreed? (c.W.) 


3. A boat with 2720 sq. ft. of sail spread travels 51 knots in 8} hrs, 
when the wind gives a pressure of ‘125 lb. per square foot. How far 
will it go in 22 hrs. with a sail area of 7650 sq. ft. and a wind pressure 
of ‘5lb. per square foot, assuming the speed to be proportioned to the 
area of the sail and the wind pressure? (C.W.) 


4. The value of the wheat grown in a field was £302 8s. when the 
yield was 4 qrs. to the acre, and the wheat worth 7s. per bushel. Find 
the value of the wheat grown in the same field when the yield is 5 qrs. 
to the acre, and the wheat worth 23s. per quarter. (C.P.) 


5. A garrison of 4500 men is provisioned for 15 wks. at the rate of 
13 oz. per diem per man. How many men must leave, that the same 
provisions may last 27 wks. at 10 oz. per diem each man? (C.8.) 


6. A garrison of 1140 men is provisioned for 40 days. After 16 
days on full rations the garrison is reduced by 152 men, but the exist- 
ing provisions are increased by y4 by capture. For how many days can 
the reduced garrison now hold out? (0.J.) 


7. A town, which is defended by 1200 men, with provisions enough 
to sustain them 42 days, supposing each man to receive 18 oz. a day, 
obtains an increase of 200 men to its garrison. What must now be 
the allowance to each man, in order that the provisions may serve the 
whole garrison for 54 days? (P.T.) 


8. If 1200 men besieged in a town with provisions for 7 wks. at 
12 oz. for each man daily, be reinforced by 600 men, and the whole 
force be put on 7 02. a day, how long can the town hold out? (c.s.) 


9. 600 men were besieged in a garrison town with provisions for 
35 days, allowing each man 18 0z. a day. How long would the provisions 
last if the garrison were reinforced by 300 men, and the daily allow- 
ance were reduced to 15 oz. a day? (P.T.) 


10. If 18 pumps can raise 2150 tons of water in 10 days, working 
7 hrs. a day, in how many days will 16 pumps raise 1634 tons, working 
9 hrs.a day? How many hours of work is your answer equal to? (K.8.) 


11. Ifa travelling party of 5 persons spend Rs.552 8as. in 17 days, how 
much would another party of 8 persons spend in 19 days, supposing the 
daily expenditure of each of'the latter party to be halfas much again as 
that of each one in the former party ? 


H 2 
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12. Taking two steps a second, each step being 2 ft. 9 in. long, I walk 

a certain distance in 3% hrs. In what time shall I walk the same 

distance if I take 132 steps a minute, and each step is 2 ft. 103 in. long? 
(K.S.) 


13. If 75 men can perform a piece of work in 12 days of 10 hrs. each, 
how many men will perform a piece of work twice as large in a tenth 
part of the time, if they work the same number of hours in the day, 
supposing that 2 of the second set can do as much work in an hour as 3 
of the first set? (c.w.) 


14. If 5 men can perform a piece of work in 12 days of 10 hrs. each, 
how many men will perform a piece of work 4 times as large in ! part 
of the time, if they work the same number of hours in the day, suppos- 
ing that 2 of the second set can do as much work in an hour as 3 of the 
first set? (C.S.) 


15. If the cost of printing a book of 320 leaves, with 21 lines on 
each page, and on an average 11 words in each line, be £19, find that of 
printing a book with 297 leaves, 28 lines on each page, and 10 words in 
each line. (0.8.L.) 


16. If 7 reams of paper are required for 875 copies of a pamphlet of 
22 pages, how many reams will be required for 1000 copies of 33 pages 
each, a page of the latter being 3? the size of a page of the former? (C.s.) 


17. Each page of a book of 560 pages contains 40 lines, and each 
line contains on an average 41 letters. How many pages will there be 
in another edition of the book consisting of pages of 60 lines, each line 
one quarter longer, and printed in type occupying more space on the 
line in the proportion of 6 to 5 than’that used in the smaller edition ? 

(c.8.) 


18. If 20 men can mow a field of 7 ac. 3 rds. in 83 days of 10 hrs. 
each, how many fields of half the area can 255 men mow in 10 days of 
8 hrs. each? (K.s.) cS 


19. If 44 labourers can do a piece of work in 15 days of 10 hrs. each, 
how many navvies must be employed to do 3} more work in 7 days of 
11 hrs., supposing 8 navvies able to do the work of 5 labourers ? 

(0.8.1) 


20. If 30 men working 8 hrs. per day at a uniform rate earn £72 in 
9 days, how much will 63 men earn, who work for 13 hrs. per day at 
2 of the same uniform rate, in 10 days, the wages being proportional to 
the amount of work done? (c.P.) 


21. If 10 men can put down a pavement 450 ft. long by 2 yds. broad 
in 9 days, working 10 hrs. a day, how many men can put down twice 
that amount of pavement, working for 15 days at 8 hrs. a day? (c.w.) 


22. A person can walk a certain distance in 43 hrs., taking 3 steps 
of 32in. each in 2sec. How many steps of a yard each must he take in 
a minute to walk half that distance in 2 hrs.? (c.8.) 


23. A copyist can transcribe 3 pages of a certain work in 1% hrs. 
How long will it take 8 men, working only half as rapidly, to copy 86 
pages of another volume, the pages of which contain }as much again as 
those of the former? (0.s.L.) 


24, If 7 men can plant 945 rows of potatoes in 3 days of 9 hrs. each, 
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how many women will plant 1200 rows in 5 days of 8 hrs., if 4 women 
can do as much as 3 men ? 


25. Find how many days it will take 150 men to excavate a canal 

1 Irish mile long, 21 ft. wide, and 9 ft. deep, 75 days having been required 

by 210 men to excavate a canal 600 yds. long, 24 ft. wide, and 6 ft. deep. 
(I.1.) 


26. If 55 men in 6 days of 7 hrs. each can dig a trench 105 yds. long 
and 5} yds. wide, how many hours a day must 96 men work in order to 
dig in 8 days a trench 160 yds. long, 6 yds. wide, and of the same depth 
as the former one? (0.8.L.) 


27. If 12 masons working 8 hrs. a day can build a wall 6 ft. high 
and 102 yds. long in 9 days, how long will it take 14 masons working 
9 hrs. a day to build a wall 8 ft. high and 119 yds. long? (c.w.) 


28. If 18 men can dig a trench 200 yds. long, 3 yds. wide, and 2 yds. 
deep in 6 days of 10 hrs. each, in how many days of 8 hrs. each will 
10 men dig a trench 100 yds. long, 4 yds. wide, and 3 yds. deep? (P.T.) 


29. If 24 mer in 6 days of 8 hrs. each can dig a trench 140 yds. long, 
4 yds. wide, and 2 yds. deep, in how many days of 9 hrs. will 45 men 
dig a trench 3 yds. wide, 4 yds. deep, and 490 yds. long? (C.s.) 


30. If 6 compositors in 16 days of 10} hrs. each can set in type 720 
pages, each of 60 lines with 40 letters in a line, in how many days of 
7 hrs. each will 9 compositors set 960 pages, each of 45 lines, with 
50 letters in a line? (6.J.) 


_81. If 48 pioneers in 5 days of 124 hrs. can dig a trench 139°75 yds. 
long, 44 yds. wide, and 23 yds. deep, how many hours per day must 360 
pioneers work during 42 days in order to dig a trench 49107, yds. long 
by 42 yds. wide and 3} yds. deep ? (P.7.) 


32. If a wall 660 yds. long, 10 ft. high, and 223 in. thick, be built by 
27 men in 313 days of 11 hrs. each, in how many days of 12 hrs. each 
would 60 men build a wall 12 ft. high and 22 ft. in thickness round a 
park 43 miles in circumference? (P.T.) 


833. If 24 men can excavate 840 c. yds. in 5 days, working 7 hrs. a 
day, how many hours a day will 20 men have to work to excavate 
750 c. yds. in 4 days? Any 5 of the former can do as much work in 
3 days as any 4 of the latter in 4 days. (1.1.) 


34, If 120 men working 10 hrs. a day can make an embankment 
90 yds. long, 20 ft. wide, and 8 ft. high in 5 days, how many days will it 
take 500 men working 9 hrs. a day to make an embankment 1200 yds. 
long, 25 ft. wide, and 9 ft. high? (c.8.) 


35. If 3 men working 4 hrs. a day can build a wall 80 ft. long, 6 ft. 
high, and 2 ft. thick in 5 days, how many men working 33 hrs. a day 
will be required to build a wall of similar materials 100 ft. long, 7 ft. 
high, and 4 ft. thick in 25 days? (C.8.) 


36. If 124 men in 53 days of 11 hrs. each dig a trench 232} yds. long, 
3 ft. 8 in. wide, and 2 ft. 4 in. deep, in how many days of 9 hrs. each will 
36 men dig a trench 3873 yds. long, 5 ft. 7} in. wide, and 3 ft. 6 in. deep, 
supposing that in the same time each of the second set of men does 
1 more work than each of the first set? (C.8.) 
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37. If 3 men, 4 women, and 5 children can reap a field of 9 ac. 2 rds. 
in 6 days, working 10 hrs. a day, in what time can 7 men, 6 women, and 
11 children reap a field of 14/ac. 1 rd., working 12 hrs. a day, supposing 
the work done by a man, woman, and child to be in the ratio of 8: 2:1? 

(C.S.L.) 


388. 6125 bricks will just suffice for the erection of a wall of a certain 
length, breadth, and thickness. How many bricks half the length, half 
the breadth, and twice the thickness of these will be required in the 
building of another wall twice the length, twice the thickness, and half 
the height of the former one? 


389. If a company of 160 men, in 6 days of 11 hrs. each, can dig a 
trench 280 yds. long, 53 yds. wide, 14 yd. deep, in how many days of 
8 hrs. each would 96 men dig a trench 220 yds. long, 34 yds. wide, and 
1 yd. deep, supposing the hardness of the ground in the former case is 
to that of the latter as 5 to 7, and that 4 men of the latter company can 
do as much work as 5 of the former in the same time? (C.s.) 


40. If 3 men and 5 women can together do a piece of work in 18 
days, and the work of 2 men is equal to that of 3 women, in how many 
days could 6 men do the whole of the work by themselves? (c.s.) 


41. If 224 equally capable men can do a certain quantity of work in 
9 days of 10 hrs. each, how many of them will be required to do half 
that quantity of similar work in 6 days of 8 hrs. each, assuming that 
each one of the men does ! more work per hour when he works 8 hrs. 
per day than when he works 10 hrs. per day? (c.P.) 


42. Five men are employed 7 hrs. a day on a certain work. After 
they have been engaged 4 days it is found they have done 4 of the whole. 
Six additional men are then employed, and all are to work 74 hrs. per 
day. When will the work be completed, supposing that they all work 
equally fast? (c.s.) 

43. If 8 men and 5 boys complete a work in 8 days of 73 hrs. each, 
in how many days of 10 hrs. each could 5 men and 8 boys do ? of the 
work (1 man being able to do the work of 2 boys)? (1.1.) 


44. If 6 men and 9 boys working 12 hrs. a day make a drain 225 yds. 
long in 9 days, in how many days can 10 men and 12 boys working 
104 hrs. per day make a drain 175 yds. long, the work of a boy being 
2that of aman? (1.1.) 


45. Three men can do as much as 5 boys; the wages of 3 boys are 
equal to those of 2 men. A work on which 40 boys and 15 men are 
employed takes 8 wks. and costs Rs.3500. How long would it take if 
20 boys and 20 men were employed, and how much would it cost ? 


46. If 12 men can do a certain amount of hoeing in 9 days, working 
10 hrs. per day, how many men should a farmer set to work to do three 
times that amount of hoeing in 15 days, working 8 hrs. per day, he being 
aware that 3 men will join them at the beginning of the fourth day, and 
4 more men at the beginning of the tenth day? (c.P.) 

47. If type-setters’ wages are raised from 35s. to 2 guins. per week, 
and they work on an average 8 hrs. instead of 10 hrs. per day, how much 
faster must they work in order that the cost of type-setting may be the 
same as before? (c.P.) 
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48. The value of a Spaniard’s work to that of a Frenchman’s being 
as 8:4, and their rate of daily wages being 5s. and 7s. respectively, find 
the gain obtained by employing 100 Spaniards for 21 days instead of 
Frenchmen. (K.S.) 

49. If 5 mules and 2 horses can remove 50 tons of hay in a certain 
time, find how many tons 7 horses and 3 mules will remove in the same 
time, 4 mules being equal to 3 horses. (1.1.) 

50. A trench 920 ft. long, 17 ft. wide, and 10 ft. deep has been dug , 
by 7 men and 2 boys; the work could have been done in the same time 
by 6 men and 5 boys. What length of a trench 15 ft. wide and 12 ft. 
deep could be dug by 5 men and 3 boys in half the time? (c.s.) 


CHAPTER XX. 
PROPORTIONAL PARTS. 


Definition.—By division into proportional parts is meant the 
division of a given number or quantity into parts in a given 
ratio. 


Suppose it is desired to divide 1000 units into 5 parts in the ratio 
of 2:3:5;6:4. This means that for every 2 units the first part 
~ has, the second has 8, the third 5, the fourth 6, and the fifth 4. If 20 
of these units are taken, 2 can be given to one, 3 to another, 5 to 
another, 6 to another, and 4 to another; hence, as many 20’s as there 
are, SO many 2’s are there, so many 3’s are there, so many 5’s, 6’s, and 
4’s. In 1000 units there are 199°, or 50 groups of 20 each; hence— 

The first part has 2 X 50 or 100 
» second , 3x 50,, 150 
»  poird .,, 5X BOs,.3200) units, 


» fourth , 6x 50,, 300 
,» fifth ,, 4x50,, 200 


The sum of these units is 1000, showing that the several “‘ answers” are 
probably correct. 

We will now apply the knowledge obtained to some examples. 

I. Given the sum and the ratios, to find the parts. 

Example.— Divide 5768 in the ratio of 2, 3, 4, and 5. 

(1) Add together the numbers to which the parts are to be proportional, 

sum of parts =2+3+4+4+45=14 
(2) Divide the given number 5768 by this sum of parts. 
5I$8 — 419 


_ (8) Multiply the quotient obtained in (2) by each of the given numbers 
in succession, and the products obtained will be the required parts. 

412 X¥2= 824 

412 x 3 = 1236 

412 x 4= 1648 

412 X 5 = 2060 
Or, better still, the problem may be stated as a proportion; ¢.g.— 


Sum of numbers : one of them :; the whole quantity : proportional part of it 
5768 : 824 


14. “ 2 a 
14 : 5 othe 5768 : 1236 
and so on. 


Ss Ans, 824, 1236, 1648, 2060. 
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The same method is applicable to fractions. ; 
Example.— Divide £287 among A, B, and OC in the proportions of 


SAY eens 
7] ORS ark 


| 


, at ae 
Sum of fractions = 3+ A + f= M+ B+ i 


Now, insomuch as the common denominator (42) merely gives its name to 
the parts (see p. 66), it may be disregarded, and the parts alone considered. 


Sum of parts = 18+ 8+ 15 = 41 


Then, sum of parts:one of them: :the whole quantity : proportional part of it 


rw} 


then 41 : is 2 : A’sshare, or £126 
and 41 : 8 aH £287 iS Sa e £56 t Ans. 
and 41 ; 15 oe £287 | Og: Tales £105 


Proof.—(1) The sum of the parts found should equal the given amount, 
e 
£126 + £56 + £105 = £287 


(2) The numbers must be proportional to the given numbers— 
126: 56::2:4,0r126x 4 = 56X#or24= 24 
66 : 105 :: 4: #.or 56 X 3, = 105 X¥4 or20 = 20 
126 ; 105 :: 3: =), or 126 x ~, = 105 X # or 45 = 45 
To be correct, the parts found must answer both these tests. 


Example.— The swim of 74d. was divided among A, B, and C in 
such proportion that A received 14d. more than CO, and B 27d. less 
than O. Had a sovereign been divided among them in the same pro- 
portion, what would each have received? (C.W.) 


C receives 24d. more than B, but 13d. less than A. 
, O’s share = 1(75 + 24 — 1})d. = 3 X 84 = 23d. 
and A’s ,, = 23d.+ 14d. = 44d. 
and B’s ,, =2id. — 24d. = $d. 


Then 240d. have to be divided in the proportion of 44d., $d., and 23d. 


Sum of fractions = 44 ++4+4 2? =4£4+74+ 74 
sum of parts = 17+2+411=30 


Arranging in proportion form, we get— 


Sum of parts : one of them :: the whole quantity : proportional part of it 
: 17 re 240d. : A’sshare, or 11s. 4d. 
30 A 2 ay 240d. SSE hy as 1s. 4d. Ans. 
30 ; 11 as 240d, Ge ys 7s. 4d. 


II. Given the ratios, but not the sum, to find the parts. 
Example.—4, B, and C jointly own an estate, their shares being 
as4:24:14. A sells 4 of his share to O, and C sells 100 acres to B, 
and their shares (B’s and C’s) are then equal. How many acres was 
each entitled to at first? (0.s.) 
4+21+ 14 = 8 = sum of parts. 


: : 25 13 ; 
Then ratio of shares is $, 95 9» OF 8;, Ps» # Yespectively. But A sells 


4 of his share to C, and the ratios then become respectively 76, as» Yo: 


223 ARITHMETIC 


C sells 100 ac. to B, and the ratios of the shares then become— 
and 7; — 100 ac. = , + 100 ac. (by question) 
bees tc = 200 ac. 
200 ac. X 16 


and 48 or the whole = Coy ne 1600 ae. 


and the parts, at first, were in the proportion of 8, 5, and 3. 


.. A’s share = 38; X 1600 ac. = 800 ac. 
and B’s ,, =; X 1600 ac. = 500 ac. Ans. 
andC’s ,, = 7%; X 1600 ac. = 300 ac. 


III. Mixed Denominations. 


Example.— How many half-sovereigns, half-crowns, and siapences 
are together worth £5794, the coins being in the proportion of 35, 42, 
and 54 respectively ? Pig 

33+ 45 +55 =§ +75 7H 
Proportional integers are 42, 51, 64. 


ces, 42 X 20 = 840 
5X 4b 2551150 
64x l= 64 


and £579} = 23180 sixpence 


‘, value of 4 sovereigns in sixpences = 25452 x 840 = 16800 
and ss, % crowns a = 25582 x 255 = 5100 
and; sixpences = 2S xX 64= 1280 


Value of these numbers in sixpe 


5100 . = £1274 = 1020 half-crowns 
1280 a = £32 = 1280 sixpences 


Ans. 840, 1020, and 1280 respectively. 


IV. Examples involving Continued Proportion. 


Several ratios may be so compounded that the consequent of one 
becomes the same number as the antecedent of the next; eg. consider 
the following ratios :— 


: Lee 2.4, 0-2 6 
Now; 12 2 == 6 1 86: 224.6. 1 5255, Oe 
and 3 24=4xX3:4x 4; 1e3:4:32712 7 16 
and 6 ; 6=32x 5; 48x6; 2.2.5 :6:: 16 2 195 


The given ratios have been changed into the ratio of a continued 
proportion. 


. Given ratios, 1:2, 3:4, 5:6 
Continued proportion, 6 : 12 :: 16 :: 193 


To produce this result several ratios have been compounded, and 
it should be noted that the value of the compound ratio is the same as 
the ratio of the first antecedent to the last consequent, e.g. :— 
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EP GT eT a ae 
Pic 2098 Os See ot BS 6 
~~” 


ee a _ a ee 
tren 1 x 2 X'3 x 4568 oot X63 1:56 


1xXBxRxtxh_, 
and OX RxXEXRXe ° 
ie. =F 


This truth enables us to deal with certain problems involving the 
division of a sum of money in the ratios of a continued proportion. In 
the forwation of the ratios it is desirable, so far as possible, to keep 
clear of fractions. 

Example.— Divide £3900 among A, B, C, D so that A’s share may 
be to B’s as 3: 4, B’s to C’s as 8: 9, and C's to D’sas 9:16. 


A:B::3:4 1:6: 8 (multiplying by 2) 
. 8: geal 


9: 16 
ee FSO 872.95) 16 


The proportional parts are 6, 8, 9, 16, and their sum = 39. 
Then A’s share = £2299 x 6 = £600 


coho e’ 


Bs 
G"! 
AY 


. 
ee 
oe 
ee 
. 
. 


B’s |,, = £2292 8 = £800 
C’s > ,, = £3299x9 = £900 
D’s ,, = £3209 x 16 = £1600 


us. A, £600; B, £800; C, £900; D, £1600. 


Compound Proportional Parts. 


Example.—A man, woman, and boy do a piece of work for which 
they get £15 7s.; the man works 9 days, the woman 10, and the boy 12, 
and the amount of work they do per day 1s im*the proportion of %, %, $- 
How much money should each get ? 


man= 9X3$=8% 
woman = 10 X4= 12 
boy = 12 X4=132 
¥ 1 100+ 7 
sum of fractions = $+ 12-442 = AEE 


Disregarding the denominator (p. 66), we have— 
Sum of the parts = 135 + 100 + 72 = 307 


1 : 
., man’s share = : ae x 1385 = £6 15s. 
: _ £16 7s. es 
*, woman’s share = 307 nam AYA emt 3) 
- _ £15 7s. e va 
.. boy’s share = 307 712. £3. 128. 


Ans. Man, £6 15s.} woman, £5; boy, £3 12s. 
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EXERCISH XXXVII. 


Proportional Parts. 


1. Divide Rs.144. 8as. among 8 persons in the proportion of ‘3, ‘33, 
and °3. 


2. A man having 8 sons, left £9656 to be divided among them in pro- 
portion to their ages at the time of hisdeath. When he died, their ages 
were 25, 22, and 21, years respectively. What was the share of each? 
And what difference would it have made to eacu of the sons if the father 
had lived a year longer? (R.M.A.) 


3. Divide Rs.12859 4as. 3p. among A, B, C, and D so that A may 
have twice as much as B, B three times as much as C, and C four times 
as much as D. 


4. A person left his property to 5 persons in the following proportions : 
1,1,1, 1,3, and the residue to Guy’s and St. Thomas’s Hospitals in the 
ratio of 2:3. Guy’s receives £769 4s. What sum did he leave? (c.M.) 


5. A man, a woman, and a boy do a piece of work for which they 
get £15 7s. The man works 9 days, the woman 10 days, and the boy 
12 days, and the amount of work which they do per day is in the 
proportion of }, 1,!. How much money should each get? (P.T.) 


6. If the work done by a man, a woman, and a boy be in the 
proportion of 3, 2,1; and if 12 men, 15 women, and 15 boys can 
complete a certain work in 270 days, in what time would 18 men, 12 
women, and 12 boys complete it ? (P.T.) 


7. A, B, and C, working together, do a piece of work for Rs.25 das. 
A, working alone, could do it in 10 days; B, working alone, could do it 
in 12 days; and ©, working alone, could do it in 15 days. Divide the 
money between them in proportion to the quantity of work done by each. 


8. If 3 men can do as much work per day as 5 women, and a boy 
half as much as a man, and if, after working a certain number of days, 
the aggregate wages of 6 men, 12 women, and 8 boys be £22 18s. 8d., 
how ought the money to be divided, in proportion to the actual work 
done by each? (C.W.) 


9. A sum of Rs.4000 was bequeathed to 4 persons, A, B, C, and D; 
but by an inadvertency in the will, it was stated that they were to receive 
in the proportions of 4 A,}B,40C,4 D of the whole sum respectively. 
How much should each receive according to the spirit of the will? (P.t.) 


10. A person in his will directed that 4 of his property should be 
given to A,1 to B,} to C, and} to D. Show that these directions can- 
not be carried out; and if his property amounted to £536 18s. 13d., 
show how it should be divided so that the shares may have to one 
another the ratio he intended. (c.W.) 


11. A man makes a will by which he leaves a sum of £16500 to his 
three sons, A, B, and C, in the proportion of 4, 5, and 6; but A dies, and 
then the man increases the legacies of B and C by ? of their former 
amounts. Find by how much the sum to be disposed of has been 
increased in the interval. (s.xK.) 
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12. Tf £100 10s. is divided among A, B, and C to-day, so as to give 
A 10s. more than B, and B 10s. more than C, and if to-morrow £1017s. 9d. 
is divided among A, B, and C in the same proportion as the first sum, 
what total sums will A, B, and C have received respectively? (P.T.) 


13. A poor rate of £1178 2s. 6d. is voted by the guardians in a union 
consisting of three parishes in which the number of ratepayers is 150, 
100, and 75 respectively. Find the portion of the rate which must be 
contributed by each parish (1) if the average sum to be paid by each 
ratepayer is the same in each parish; (2) if the average varies as 2:3: 4 
respectively. (C.S.) 


14. A bar of gold is worth Rs.466 8as. Find the value of an equal 
bar of silver, having given that the weights of equal volumes of gold 
and silver are as 19 to 10, and gold and silver worth Rs.58 5as. and 
Rs.3 Yas. per ounce respectively. 


15. Of the population of a certain village, the number of men is to 
that of women as 13:15. Of the men, the married and the unmarried 
are in the ratio of 6:7, and of the women in that of 7:5. There are 
25 unmarried women. What is the adult population, and how many of 
the men are married? (c.P.) 


16. In three class-rooms of aschool are 222 boys; the numbers in the 
first and second being in the proportion of 3 : 5, and those in the second 
and third in the proportion of 7:11. Determine the number in each, 

(C.P.) 


17. A, B, and C together purchase an estate, their shares being as 
1432434. OC sells one-third of his share to A, who sells 96 ac. to B. If 
A and C have then equal portions, how many acres had each at first ? 

(K.8.8.) 


18. A field of 7 ac. is sown with turnips, beet, and cabbages, the 
areas of the crops being respectively 14, 14, 1}. If the value of an acre 
of each be also respectively in the same ratios, and an acre of turnips 
be worth £7, what is the worth of the whole crop? (p.t.) 


19. A warehouse of five stories is let in flats. Hach flat (except the 
top one) lets for three-fourths of the rent charged for all the flats above 
it, and the rent of the whole warehouse is £2401. What is the rent of 
the middle flat? (s.x.) 


20. Hach of 3 girls does the same number of sums in the year, and 
between them they get 1064 correct answers. One girl gets two sums 
right out of three, another three out of four, and the other four out of 
five. How many sums did each work correctly in the year? (k.s.) 


21. A boy took up five papers in an examination; his marks for these 
papers were in proportion 6:7:8:9:10. Full marks were the same 
in each paper, and the boy got 2 of the total full marks. Find in how 
many papers he got more than half marks. (c.3.) 


22. In a co-operative factory, how should a sum of Rs.625 13as. 
8p. be divided among 3 workmen, who work 8, 9, and 10 hrs. per day 
respectively, whose rates of production per hour are also in the same 
ratios, and who have been employed 10, 11, and 12 days respectively 
on the work ? 


23. Divide 7872 into three parts, so that the first shall be four times 


232 ARITHMETIC 


the second, and the second three times the third. Explain the principle 
of solving such questions. (K.s.) 

24. The number of passengers in a train was 270, and the first, 
second, and third classes were in the proportion of 4, 7,and 16. The 
miles travelled by each class were 40, 35, and 25, and the rates were 
lan. 6p., 8p. and 3p. per mile. Find the total earnings of the train, 


25. First, second, and third class fares are 23d., 12d., and 1d. per mile 
respectively, and there are 5 first-class passengers to every 3 second and 
to every 47 third class. What sum did each class of passengers who 
travelled from A to B contribute to a total receipt of £53974 16s. for 
fares between Aand B? (k.s.) 


26. Men, women, and children are employed in a factory in the 
proportion 1:2: 38, and the wages of a man, a woman, and a child 
are aS 63332. When 50 men are employed, the total weekly wages 
of all the hands amount to Rs.450. Find the weekly wages paid to 
aman, a woman, and a child. 


27. A man having 3 sons, aged respectively 24, 16, and 8 yrs., left 
his estate to be divided amongst them in proportion to their ages. Hight 
years afterwards the second son died and left his share to be divided 
between his surviving brothers in amounts inversely proportional to their 
ages. What portion of the original estate had each of the 2 sons after 
this accession to their property ? (0.J.) 


28. A gentleman bequeaths 3 of his estate to his son, and } of it to 
3 friends, A, B, and OC, in shares in the ratio of 3:2:1; he afterwards 
disposes of Rs. 500, and divides the residue between B and C in shares 
in the ratio of 4:1. If C’s portion comes to Rs.6500, how much does 
each of the others receive ? 


CHAPTER XXI. 
PARTNERSHIP. 


Definitions.— Partnership (or fellowship) is in arithmetic 
applied to the rule for the division of profit or loss among the 
owners of a business. 


In a business sense a partnership is an association of two or more 
persons who agree to share profits or losses according to— 
(a2) The capital subscribed by each, 
(0) The time the capital is employed. 
Firm.—Such an association of persons is called a firm. 
Capital.—This includes all the money and all the property used in 
the business of the firm. 
The net capital is the excess of the assets over liabilities. 


Kinds.—Partnership, in its arithmetical sense, may be of 
two kinds—Simple or Compound. 


Simple Partnership.—The capital contributed by the several 
partners may be equal or unequal (generally the latter), but the time 
is the same in each case. ‘The risk that each partner runs is therefore 
proportionate to the amount of capital he advances; hence the profits 
or losses are shared in that proportion. 


Example.—A, B, C, D form a partnership. A subscribes £640, 
B £500, U £820, and D £250. If the year’s profits amount to £1105, 
what should each receive ? : 
Total capital =£640 + £500 + £820 + £250 = £2210 
Then A’s share = 4495 X £640 = £320 
B’s ,, =4495 x £500 = £250 Ae 
C's ,, = 4495 x £820 = £410 
D’s 4, =4425 x £250 = £125 


Rile.—1, Add the contributed amounts together, 

2. Divide the total gain (or loss) by this sum. 

3. Multiply the quotient by each man’s capital. The pro- 
ducts wili be the respective amounts. 
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The rule is also used for the division of a bankrupt’s assets among 
his creditors, for the distribution of prize money, and similar problems. 


Example.—A bankrupt’s assets are £402 ; he owes to creditors 
£266, £424, and £650 respectively. Find the share of each. (C.8.L.) 


Total liabilities = £266 + £424 + £650 = £1340 
A’s share cf assets = 3492; X £266 = £79 16s. 
B’s 2 2° = Tees X £424 = £127 4s. Ans. 
C's, (shot £650 = £195. 


Compound Partnership.—Both capital and time have 
to be considered, and both may vary in each case. The profits 
or losses are divided proportionally to the amount contributed 
and the time for which it is contributed. 


Tf A contributes £1000 for 12 months, and B £700 for 10 months, some 
common unit must be found for the comparison of these varying quantities. 
Now, £1000 for 12 months is the same as £12,000 for 1 month. Similarly 
for B. £700 for 10 months is the same as £700 X 10 or £7000 for 1 month. 


Example.— A began business with £450 capital, and at the end of 
four months he took B into partnership with £300. Two months later 
they tonk in C with £500 capital, but three months afterwards C with- 
drew £250 from the concern. At the end of twelve months there was a 
profit of £5023 to be divided among them. Find each partner's share 


of that profit. (.T.) 


Make £1 for 1 month the unit. 
then £450 for 12 months is the same as 12 x £450 for 1 month 


Now, A’s capital = £450 x 12 = £5400 for 1 month. 
B's’ 5, = 2800RGS = £2400 3 
Cia. = (£500 x 3) + (£250 Xx 3) = £2250 = 


Total capital = £10050 5 
Then A’s share = £592:5 x £5400 = £270 


Bs ,, = £592-5 x £2400 = £120 > Ans. 
C's ,, = £39258 x £2250 = £112) 


The method may also be used for problems dealing with the 
grazing of cattle. 


Example Two persons, A and B, hold a ground in common at a 
rental of £54. A puts in 23 horses for 27 days, and B 21 horses for 
39 days. How much of the rent should be paid by each? (C.S.) 


A, 23 horses for 27 days = 23 X 27 horses for 1 day = 621 units 
3 


B, 21 ri Oo eeu 1g, oo 9 » = 819 ,, 
Hence proportion of rent due from each— 
621 
a ee 621 + 819 x 64 = $245 x 64 = £23 5s. Od. 
819 Ans. 


ooh USL OS st a 0 
= GST 819 © 0% = tee X 54 = £30 TEs. 3d. 
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Rule.-—1. Multiply each man’s capital by the time for 
which it is used. 

2, Add the products. 

3. Divide the gain (or loss, or rent) by the sum of these 
products, and multiply the quotient by each partner’s number 
of units. 


Example.—A more complex case. 


A and B enter into a speculation. A puts in £50, and B puts in 
£45 ; at the end of 4 months A withdraws 1 of his capital, and at the 
end of 6 months B withdraws 4 of his. C then enters with a capital 
of £70. <At the end of 12 months the profits of the concern are £254. 
How ought this to be divided? (c.w.) 


Take £1 for 1 month as the common unit 
A puts in £50 for 4 months = £50 x 4 = £200 for 1 month) = £400 for 1 


oy i? Soda gente oe Sao. XS — £200 oa montn 
B fs £400 5G eee ee <6 = £270 ; = £450 for l 
is pat | ae % roux 6 = £180 Fy. month 
? = £420 for 1 
C ” £70 2” 6 ”? = £70 x 6= £420 99 \ month 


Hence profits must be divided in the proportion of 400, 450, and 420. 
Sum of shares = 400 + 450+ 420 = 1270 
Then A’s share = £254 X 49% =: £80 
B’s ,, = £254 x 59 = £907 Ans. 
Cs , =£254x AX% = £84 


EXERCISE XXXVIII. 


Simple Partnership. 


1. Two partners make a profit of £182; one puts £300, the other £400 
into the business. How should they divide the profits? (0.3.) 


2. A partner in a business is entitled to 4 of the profits. What were 
the annual average profits when his share for 2} yrs. was £1010 17s. 9d.? 
(K.S.) 
8. The sums invested in a business by two partners are £5500 and 
£3000 ; the profit for 9 mths. is £1275. What will be the share of each, 
and what is the rate of gain per cent. per annum? (K.S.) 


4. A, B, and C invest Rs.300, Rs.500, and Rs.700 respectively in a 
business. They share a profit of Rs.450 in this way: one-half in equal 
shares to each, and the other half in shares proportional to the capital 
of each. What does each receive ? 


5. A and B embark £5000 and £6000 as capital in a business. A is 
the only working partner, and is paid both for superintendence and 
capital; B is paid for capital only, and out of a profit of £770 he 
receives in the proportion of 3:4. How much is allowed to A for 
superintendence? (c.P.) 


6. Two men own adjoining farms of 360 and 540 ac. respectively. 
They unite farms and take a partner, who pays them Rs.20,000 on the 
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understanding that a third share of the land shall in future belong to 
each. How is the Rs.20,000 to be divided among the original owners ? 
(K.S.) 
7. Two partners start in business, one with £2500, and the other 
with £1500, and borrow £1200 at 4 per cent. At the end of a year they 
have gained a profit of 10 per cent. on the whole capital. What should 
each receive in proportion to his capital? (c.w.) 


8: A,B, and C are partners in a business, and they contribute to the 
capital sums of Rs.2608, Rs.2329, and Rs.1781 respectively. Express 
as a fraction in its lowest terms the part of the capital which each has 
contributed. If in a certain year the firm has made a profit of 
Rs.9411 1 a., find each partner’s share, 


9. A, B, and C entered into partnership. A had £175, and B had 
£210; their profits amounted to £422 10s., of which C’s share was 
£172 5s. Find (1) what sum C put into the business; (2) what share of 
the profits was due to A and B respectively. (c.Ww.s.) 


10. A and B enter into partnership on the following terms: (1) Bis 
to put in half as much capital again as A; (2) A, who is the working 
partner, is to receive 8 per cent. on his capital, and B is to receive 4 per 
cent. on his capital, out of the profits; (8) the rest of the profits is to 
be divided between them in the ratio of their respective capitals. At 
the end of the first year A receives in all Rs.2456, and B Rs.3084. 
What capital did each put into the business? (0.J.) 


11. Three partners in trade contribute respectively the sums of 
Rs.438, Rs.292, and Rs.730, with the agreement that each was to 
receive 5 per cent. on their respective investments, and that the re- 
mainder of the gains of the firm, if any, was to be divided between 
them in the proportion of the sums originally advanced. The whole 
gain of the firm was Rs.200. What was each man’s share? (L.M.) 


12. Two merchants enter into partnership. A brings £1500 more 
than B, who as acting partner is to have £150 a year for the manage- 
ment. At the end of 3 yrs. the gross profits, computed at 15 per cent. 
per annum, are found to be £2925, from which B’s salary is to be 
deducted. It is required to find the stock of each partner and his share 
of the net profit. 


Compound Partnership. 


18. There are three partners ina business. A puts in £600 for 3 yrs., 
B £800 for 23 yrs., and © £1250 for 2 yrs., and the profits are £708 los. 
How ought they to be divided? (8.1.C.) 


14, A, B, and C rent land. A puts 500 sheep on it for 4 mths., 
B 600 for 3 mths., and C 1200 for 2 mths. If the whole rent is £279, 
how much should each pay? (0.8.L.) 


15. Three men hire a pasture for Rs.213. One puts in 10 oxen for 
9 mths., another 12 oxen for 8 mths., the third 14 oxen for 7 mths. 
What part of the rent should each pay ? 


16. A and B join in partnership; A puts in the business £300, and 
B £500; at the end of 6 mths. A puts £400 more, and B takes out £100. 
How should a gain of £61 15s. be divided amongst them at the end of 
12 mths.? (P.T.) 
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17. A and B engage in a business, their capitals beingas7:11. At_ 
the end of 8 mths. A withdraws } of his capital, and 1 mth. afterwards B 
adds twice what A had withdrawn. How should a profit of £337 7s. 6d. 
be divided at the end of the year? (P.7.) 


18. Aand Benter into partnership fora year. A contributes Rs.1500 
on January 1, and B on May 1 contributes as much as entitles him to 
half the gain at the end of the year. What was B’s contribution ? 


19. Two troops of cavalry rent a field in common, for which they are 
to pay £23 10s. One troop puts into the field 27 horses for 29 days, the 
other 19 horses for 33 days. How much should each pay? (0.8.1.) 


20. Three farmers send sheep to grass. A sends 100 sheep for 
2+ mths., B sends 150 for 24 mths., and C sends 236 for 8? mths. If 
the whole cost be Rs.247 8 as., what will each have to pay ? 


21. Three persons, A, B, and C, hold a grazing farm in common at 
a yearly rent of £570. A puts 126 oxen on the farm for 3 mths., B puts 
162 for 5 mths., and C puts 72 for 12 mths. How much of the rent 
should each person pay? (1.1.) 


22. On January 1 A begins to trade with a capital of £800. In 
3 mths. he takes in Basa partner. What capital must B bring into 
the concern that the profits may be divided equally at the end of the 
year? (C.s.) 

23. Three graziers, A, B, and C, rent a piece of pasture land for a 
month. A puts on 27 cattle for 21 days, B 19 for 24 days, and C 28 for 
25 days. If at the end of the month the rent and other charges amount 
to £33 5s. 10d., how much of this ought to be paid by each? (c.s.1.) 


24. A starts a business with a capital of £3000. After 5 mths. he 
takes B, with a capital of £2000, into partnership, and one month later 
C, with a capital of £4500. At the end of the year the profits are divided, 
and B finds that he has to pay 5 guins. as income-tax. Find the total 
profits of the concern, the tax being at the rate of 6d. inthe £. (c.m.s.) 


25. A tradesman began business on March 4 with a capital of Rs.900; 
on September 12 he was joined by a partner who put Rs.500 into the 
business; on December 31 the profits were Rs.204 4 as. Find the 
share of each partner. 


26. Two people enter into partnership with £3000 and £4500 respec- 
tively. At the end of 8 mths. the partner with smaller capital advances 
£2500 more. Seven months later they close business with a profit of 
£1040. How should this profit be divided? (x.s.) 


27. A and B enter into partnership, their capitals beingas5:6. At 
the end of 2 mths. they withdraw respectively } and } of their capital, 
and 4 mths. afterwards B increases his capital by the addition of } of its 
original capital. Im what proportion are they to divide the profits, 
amounting at the end of the year to Rs.50565, ? 


28. A commences business with a capital of £4000, and after 4 mths. 
takes B into partnership with a capital of £300. Two months later they 
take C into partnership with a capital of £5000. At the end of the year 
their net profits amount to 16 per cent. on the whole capital invested. 
What should each receive of the profits? (R.M.A.) 


29. A with Rs,2500 capital joins in partnership with B, who has 
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Rs.4000 capital. At the end of a year’s trading they have lost Rs.520, 
and their capitals are diminished accordingly. C now joins them with 
Rs.4500 capital. At the year’s end they had gained Rs.2358. What 
did each receive ? 


30. A, B, and C are partners in a bank, in which they invest £12842, 
£8000, and £5000 respectively. C is to have 15 per cent. of the profits 
for managing the business; A and B are each to haye 2 guins. a day 
allowed for attendance. A attends 6 days, B 4 days. If the profits 
amount to £7650, how should they be divided? (c.s.) 


31. A and B enter into a speculation; A puts in £50, and B puts 
in £45. At the end of 4 mths. A withdraws 2 his capital, and at the end 
of 6 mths. B withdraws } of his. C then enters with a capital of £70. 
At the end of 12 mths. the profits of the concern are £254. How ought 
this to be divided? (c.w.) 


32. A began business with Rs.450 capital, and at the end of 4 mths. 
he took B into partnership with Rs.300. Two months later they took 
in C with Rs.500 capital; but 3 mths. afterwards C withdrew Rs.250 
from the concern. At the end of 12 mths. there- was a profit of 
Rs.502 8as. to be divided among them. Find each partner’s share of 
that profit. (p. 234.) 


383. A starts a business with a capital of £4000. After 3 mths. he 
takes B with a capital of £7000 into partnership, and 4. mths. later C 
with a capital of £3000. At the end of the year the profits are divided, 
and A finds that he has to pay £6 as income-tax. Find the total profits — 
of the concern, the tax being at the rate of 6d. in the £. (c.PR.) 


34, Two partners, A and B, started a business, B finding half as 
much again of the capital as A. At the end of 8 mths. B withdrew 3 of 
his capital, and 2 mths. later on A withdrew } of his capital. At the 
end of the year the profits were found to be £530. ‘To how much of this 
profit was each man entitled? (c.s.) 


35. A and B together rent a field of 27} ac. for £38. A puts 30 sheep 
in for 6 wks., and B 20 sheep for 10 wks. They agree to pay the rent 
and receive the profits according to the amount of feed taken by each, 
and they clear £57 by the sale of the hay. What are the rents and 
profits of A and B respectively? (P.T.) 


36. A, B, and C’s capitals are respectively as 2, 3, and 4. They 
make a joint speculation, and the total gain is Rs.7200; A putting in 
4 of his capital for 4 mths., B } of his for 3 mths., and C jof his for 2 
mths.; 20 per cent. is realized. Find the respective capitals, invest- 
ments, and gains. 


37. Three graziers, A, B, and C, agree to hold a pasture in common. 
A puts in 8 oxen for 10 mths.; B, 7 oxen for 12 mths.; C, 20 oxen for 
5 mths., at a rent of Rs.132 per annum. How much should they each 
respectively contribute towards the rent? 


38. A and B enter business together; A gives 2 of the capital. At 
the end of the first year they have made a profit of 3} per cent., and at 
the end of the second a profit of 5 per cent. ; at the end of the third year 
they are bankrupts, and only pay 10s. in the £. The remaining money 
is £16663 10s. How much did each contribute? (c.8.) 
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39. A, B, and C rent a pasture fora year. A puts in 500 sheep for 
the first half of the year; B, 750 for the second half; and C, 400 all the 
year round. The feed is considered to be worth twice as much in the 
first as in the other half of the year. Find (1) what fractional part of 
the rent each person ought to pay, and (2) the amount to be paid by 
each when (’s share is £21 more than A’s. (C.8.) 


40. A and B enter into partnership, each contributing capital, and 
B having a salary as manager; A supplies Rs.3,00,000 and B Rs.1,80,000. 
The gross receipts for a year are Rs.1,12,000, of which } is paid away for 
expenses, and 5 per cent. for insurance. A receives Rs.50,000 as his 
share of the profits. What is the amount of B’s salary as manager ? 


41. A, B, and C agree to rent a meadow in common for Rs.102 138as. 
4p., and to pay towards the rent a sum proportional to the use each has 
made of it. A puts in 3 cows for 3 mths. and 25 sheep for 4 mths.; B 
puts in 7 cows for 4 mths. and 15 sheep for 2 mths.; C puts in 5 cows 
for 3 mths. and 20 sheep for 4 mths. Supposing a cow to eat as much 
as 4 sheep, what will be each man’s share of the rent ? 


42. A and B embark in partnership for 7 yrs. B is to have #3 of the 
net profits during the first half of the time, and } of them afterwards. 
After 41 yrs., owing to a duty being lowered, the annual profits, which 
had so far remained stationary, are suddenly increased in the proportion 
of 6 to 5; but at the same time they are reduced by the creation of an 
income-tax of 7d. in the £. By the end of 7 yrs. B’s share of the net 
profits has altogether amounted to £976. What were the annual profits 
before the duty was lowered? (c.8.) 


43. Three merchants entered into partnership on January 1, 1890, 
and agreed to allow their profits to accumulate for 10 yrs. A subscribed 
1 of the capital and Rs.1000 besides; B put in 4, and C } of the capital. 
A withdrew his capital on December 31, 1896, B withdrew his on June 
30, 1898. How is a profit of Rs.35500 to be divided between them at 
the end of 10 yrs.? Also find the capital. 


44, Three persons invest sums of £575, £450, and £300 respectively 
in a venture, on’ the agreement that the profits shall be divided in such 
a manner that the rate of interest made by each of them shall be pro- 
portional to the sum which he subscribed. In 8 mths. the profits amount 
to £124 12s. 6d. How much of this will each receive, and what rate 
of interest does each make? (C.S.) 


45. A, B, and C rent a field for £180. A puts in 12 horses for 5 mths. 
and 45 sheep for 3 mths.; B puts in 15 oxen for'6 mths. and 54 sheep 
for 2 mths.; C puts in 6 horses and 47 oxen for 3 mths. Four horses 
and 3 sheep together eat as much as 5 oxen and 1 horse, and 2 oxen cat 
as much as 7 sheep. What should A, B, and C pay respectively to the 
landlord as their shares of the rent ? 


CHAPTER XXII. 
CHAIN RULE. 


Definition and Explanation. 
Chain rule has been variously defined as— 


. A form of continued proportion. 

. An application of the unitary method. 
. Another form of variation. 

. A complex form of ratios. 

. An operation in simple reduction. 

. Compound barter. 


Dor WH 


As arule, a series of quantities is given in equivalent pairs. Each 
pair is connected with the preceding pair, the second quantity of the 
one pair being of the same kind (but rarely of the same quantity) as 
the first quantity of the succeeding pair. Zhe problem is to find how 
many of the last quantity are equivalent to a given number of the first. 
As arule, the unit of one measure is not given in terms of the other, 
but so many of one quantity are given as equivalent to a certain 
number of another quantity; 7.e. the respective values are connected 
by certain fractions or ratios, and a chain of relative values is thus 
formed. . 

Example.—Jf 4 fowls are worth 3 ducks, and 7 ducks are worth 
2 geese,and 9 geese are worth 7 turkeys, what ts the price of a fowl if a 
turkey costs 18s.2 (©.P.) 


Now, 9 geese are worth 7 turkeys 
“.. lgooseis ,, 4% turkey 


and 2 geese are __,, . Z turkeys 
.. also 7 ducks are ,, aeae turkeys 
: 2X7 
whence 1 duckis _,, ax4 turkeys 
and 3 ducks are __,, : . ee i turkeys 
3X2xX7 
‘.also4fowlsare , ~9 x7 turkeys 
ares es I 
x yx 
and 1 fowlis ,, ate turkey = 4 turkey 
3 
1 


.. 1 fowl costs 18s. = 3s. 
Ans, 38. 
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Example.— Given the following equivalent values :— 


4 houses = 6 fields 
+ f ren x a Te oe To find how many horses are equal 
50 bicycles = 5 motor cars in value to 10 houses. 

2 motor cars = 8 horses 


By Rule of Three. 


1. If 4 houses are worth 6 fields, what are 10 houses worth 2? 


houses fields 
is ig eee a — oe 
4 
10 x 6 
2. If 3 fields are worth 150 sheep, what are fields worth ? 
fields 
—_—_— sheep 
7 10 X 6 aaa ch, . 150.X 10X67) 
1 i A oT 3 = Sneep 
3. If 12 sheep are worth 2 bicycles, what are a a sheep worth ? 
sheep 
Re mann bicycles 
ig - 150 x 10 x 6 GROR, yg — 100 xX10xX6X2). 
oe 4K 8 Mate: 12 ka KS 3 ebb 


150 xX 10X6x2 
4. If 50 bicycles are worth 5 motor cars, what are “Tg Sena ae 


bicycles worth ? 


bicycles 
motors 
SoU x 10% 6 X 2)... Seem ra = 150:X 10:X)6°X% 2 
Be ig x 4x3 are = 50 X11 a 


150 X 10 X86 xX2 x5 
5. If 2 motors are worth 8 horses, what are “eh sc 15 he Oe motors 


worth ? 
motors 
horses 
9 150 xX 10 xX 6xX2x5 ‘eae 
50x 12x4x3 pe. 
“10 ee x 5 F 
1 oe ; RX 2X Be. so ossee 


iA a hewn 
Ans. 50 horses. 


By Chain Rule. 


? horses = 10 houses 

Sfelds — =150sheep | then number) _10i}xct49x¥x 524 
12 sheep = 2 bicycles aa enh ® 8X LYX RQ X & 
50 bicycles = 5 motor cars = 50 


2 motor cars 8 horses 
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It will be noted that the answer is found by dividing the product of 
the numbers in the right-hand column by the product of the numbers in 
the left-hand column, and that the final statement in the proportion 
method and the ordinary method of Chain Rule is the same in each case. 


Broken Chain. 


In some problems the quantities are given the same in kind, but 
not always of the same denomination. The chain is then said to be 
“)roken,” and the connecting links have to be supplied, or the 
equivalent values expressed in the form of a fraction. 


Example.—/Jf 6 lbs. of tea are worth 12 cwt. of coal, and 5 tons of 
coal are worth 80 Ibs. of coffee, and 8 oz. of coffee are worth 7 oz. of 
butter, how many pounds of butter are worth 20 lbs. of tea? 


There are three missing links, e.g.— 


20 ewt. of coal = 1 ton of coal 
16 oz. of coffee = 1 lb. of coffee 
16 oz. of butter = 1 lb. of butter 


We must either supply these, or express the values as fractions ; i.¢.— 
12 cwt. of coal as $2 ton of coal 
8 oz. of coffee as 58, lb. of coffee 
7 oz. of butter as 7% lb. of butter 
Then? lbs. of butter = 20 lbs. of tea 
6 lbs. of tea = 12 cwt. of coal 
20 cwt. of coal = 1 ton of coal 
5 ton of coal = 80 lbs. of coffee 
1 lb. of coffee = 16 oz. of coffee 
8 oz. of coffee = 7 oz. of butter 
16 oz. of butter = 1 1b. of butter 


2 
2 1S 
QD xX 1x 1x XxKVWex7x1 
Bx Wx x1 xx Ve 


Rule.—The rule can be deduced from a study of the 
preceding examples :— 


., amount of butter = =28lbs. Ans. 


1. Express in the form of equations the relations that exist between 
the several quantities. 

2. Place the given equations in consecutive order under one 
another, beginning with that term which is similar to the one sought. 

8. Each quantity should appear on both sides of the equation, so 
that the linkage may be preserved. For this purpose, let the quantity 
on the right-hand side of one equation be of the same kind and 
denomination as the next on the left hand of the next equation. 

4, Let the left-hand quantity of the first equation, and the right- 
hand quantity of the iast be of the same kind and denomination. 

5. The continued product of the numbers on the right-hand side 
of the equations divided by the continued product of the numbers on 
the left-hand side will be the quantity required. 
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EXERCISE XXXIX., 


Chain Rule. 


1. If 8 ducks are worth 4 chickens, and 8 geese are worth 10 ducks, 
find the value of a goose, a pair of chickens being worth 4s. 6d. (C.3.) 


2. If 7 rix dollars are worth 2 ducats, and 9 ducats worth 4 moidores, 
and 20 moidores worth £27, how many rix dollars are there in £72 ? 
(R.M.A.) 


3. If 250 rup. have the same value as 84 dols., and 36 dols. have the 
same value as 7 guins., what is the value of a rupee in £s. d.? 
(0. and C.H.C.) 


4. If 23°3 fl. are equal to 49°78 fr., 191°5 fl. to 218°5 m., and 273 m. 
to 128 roub., find to one decimal place how many francs are equal in 
value to 233 roub. (K.S.8.) 


5. If 26 sheep be worth 5 oxen, 2 oxen be equal in value to 3 horses 
and 7 horses cost 91 guins., find value of 1 sheep. (C.S.) 


6. If 68 oranges be worth 51 buns, and 28 buns be worth 104 lbs. of 
sugar, what is the value of 64 oranges when sugar is 23d. per pound ? 
(K.S.) 


7. If 20 apples are worth 12 pears, 9 pears worth 4 oranges, 12 
oranges worth 240 nuts, find the cost of 25 apples, 5 pears, and 10 
oranges, nuts being sold at 43d. per 100. 


8. If 2 sheep be worth 185 fr., and 2 calves be together worth one-third 
as much as an ox; also if 15 sheep be worth 2 oxen, and 55:50 fr. be 
equal to £2, find how many calves can be bought for £25. (c.s.) 


9. If 12 yds. of cloth are worth # of a bushel of corn, and 12 yds. of 
cloth will fetch 44 dols., what is the value of 5 qrs. of corn, a dollar 
being equal to 4s. 2d.? (c.s.) 


10. An orchard contained 192 fruit trees. Of these for every 3 apple 
trees there were 2 pear trees, and for every'3 cherry trees there were 
2 walnut trees; there were 2 plum trees to every 11 apple trees, and 
7 cherry trees to every 2 plum trees. Find the number of each sort. 


(C.8.) 


11. A can copy 6 pages while B copies 5, B copies 15 while C copies 
12, and C can copy 4 while D copies 3. A, who can write 20 pages a 
day, receives a paper of 240 pages to copy, and after doing a quarter of 
it calls in B, 6, and D to help him. When will the work be finished ? 

(C.S.) 


12. The first of 5 clerks can copy 8 lines as soon as the second can 
copy 4, the second can copy 5 as soon as the third can copy 3, the third 
can copy 7 as soon as the fourth can copy 8, and the fourth can copy 14 
as soon as the fifth can copy 17. How many lines will the fifth copy 
while the first is copying 490? (@.8.) 


13. Assume that 4 English navvies can do as much work in a day as 
5 French navvies, and that 4 French navvies can do as much as 7 negroes. 
It is found that 13 English and 12 French do a piece of work in 3 days. 
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How long will it take 10 negroes ? Express your result decimally to 
3 significant figures, and use none but arithmetical symbols in yourwork. 
(L.M.) 


14. Tf 48 lbs. of tes are worth 55 gals. of ale, and 63 gals. of ale 
94 bots. of wine, and 11 bots. of wine 9 prs. of gloves, how many pounds 
of tea must be given for 20 prs. of gloves ? (c.W.) 


15. If 8 lbs. of coffee cost as much as 5 lbs. of tea, and 3 lbs. of tea 


as much as 32 lbs. of sugar, what is the price of each when 1 lb. of tea, 
of coffee, and of sugar together cost 8s. 5id.? (K.8.) 


16. Assuming that 5 lbs. of coffee are worth 7 lbs. of chocolate, 10 
Ibs. of chocolate worth 8 lbs. of tea, 5 lbs. of tea worth 35 Ibs. of sugar, 
7 lbs. of sugar worth 2 lbs. of cocoa, and 1 cwt. cocoa cost £8 6s. 8d., find 
the price of 1 1b. of coffee. Work by the shortest method you can. 


17. If the Hamburg foot = 126°9667 Paris lines, and 10 lines = § of 
an English foot, find in English measure the len sth of the ee oe 
C.S. 


18. 8} Cornish acres = 6 Irish acres, 4 Cunningham acres = 6+ Devon- 
shire acres, 196 statute acres = 121 Irish acres, 5 Cornish acres = 7 
Devonshire acres. How many square yards are there in a Cunningham 
acre? (0, and 0.H.C.) 


19. Hay is worth 72d. per stone of 141bs. Supposing 5 sheep cost 
as much as 2 calves, and 33 sheep as 4 oxen, what weight of hay must 
be given with 27 sheep and 3 calves in return for 7 oxen, the price of 
sheep being £2 9s. per head? (c.s.) 


CHAPTER XXIII. 
RATES AND TAXES. 


Rates are sums of money paid by householders to local authorities, 
such as the County Council, the Town or Borough Council, etc. 

The annual value of every house is fixed by an Assessment Com- 
mittee, and this annual value is called the ratable value. Thus, if the 
rate was 6s. in the pound, and a man lived in a house the ratable value 
of which was £40 a year, his rates would be 40 x 6s. = 240s. = £12. 

Taxes are sums of money paid directly or indirectly to the National 
Exchequer. The amount of a tax is fixed by the House of Commons. 
Thus taxes are uniform throughout the country; rates vary according 
to localities. 

The Income-T'ax is the one most often dealt with in problems in 
arithmetic. In practice the Income-Tax is levied so that the poor 
man pays nothing and the man of moderate means pays on part of his 
income only, but in problems in arithmetic, the principle of exemption 
from income-tax is often disregarded, and, except anything is stated to 
the contrary, the student must suppose that the income-tax is levied 
upon the whole of the income uniformly. 


Example.—TIf the income-tax be at the rate of 9d. in the pound, 
what does a man pay on an income of £500 ? 


Income-tax on £1 = 9d. 
” ” £500 = 9d. >4 500 
= £18 15s. Ans. 


Example.— Vind the net income after paying a tax of 1s. 3d. in 
the £ on a gross income of £350, assuming that exemption ts claimed 
on £160, 


Amount to be taxed = £350 — £160 = £190. 
After paying an income-tax of 1s. 3d. in the pound, a man has 
18s. 9d. left on each pound. 


If the sum left from £1 = 18s. 9d. 
then = £190 = 18s. 9d. x 190 
= £178 2s. 6d. 
Net income = £178 2s. 6d. + £160 
= £338 2s. 6d. Ans. 
I 
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Example.— What income will leave £1000 after paying 1s. in the 
£ income-tax? Give the answer correct to the nearest penny. 


If £1 is the gross income, then the net income is 19s. 
Required to find the gross income when £1000 is the net income. 


19s. : £1000 :: £1: gross income in pounds 
a0 5¢-20"- - 

19 
= £1052 12s. 8d. Ans. 


*, gross income = £ 


EXERCISE XL. 
RATES AND TAXES, 


To find Income. 


1. After paying income-tax at the*rate of Td. in the £, a person had 
£734 13s. 63d. What was his gross income? (P.T.) 


2. A person left a sum of money sufficient, after paying 6d. in the £ 
income-tax, to give £2 13s. 9d. to each of 52 poor people. What was the 
sum left? (c.w.) 

83. After deducting a rate of 8p. in the Re., each of 49 poor persons 
receives from a charity a dole of Rs.5 12as.04p. What was the whole 
benefaction ? 

4. A man pays a quarterly income-tax of £1 9s. 2d., the tax being 5d. 
in the £. What is his annual income? (®.T.) 

5. When an income of Rs.1150 is reduced by taxation to Rs.1063 12as., 
what is the income of a person who has Rs.518 left after deducting the 
taxes ? 

6. If, after paying an income-tax of 8d. in the £, a person’s net 
income is £483 6s. 8d., what was his gross income? (c.P.) 

7. After deducting a tax of 5p. in the Re. from a man’s income it is 
Rs.355 Tas. 11p.; what is his gross income ? 

8. If the income-tax be raised from 7d. to 9d. in the £, a man’s net 
income is reduced by £6 1s. 8d. What is his gross income? (C.8.) 

9. A man pays Rs.19 8as. 6p. income-tax. If the rate be 5p. in the 
Re., what is the man’s income ? 


10. A man pays £6 13s. 4d. income-tax when the tax is at 8d. in the 
£ and £160 of his income free from the tax. What is his income? (C.P.) 


To find Total Tax. 


11. IfI pay £2 7s. 8d. as income-tax on a rental of £71 10s. 74d., 
what should I pay on a rental of £510 15s.? (c.J.) 


12. What should a clerk, whose stipend was £326 10s. 3$d., pay for 
income-tax at 1s. 4d. in the £? (P.T.) 
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18. A parish is rated at Rs.65,529, and upon this amount a rate is 
levied at the rate of lan. 5p. in the Re. How much money is thus 
raised ? 


14. The rates of a parish amount to 3s. 6d. in the £; } is poor rate, 
? highway rate, the rest is school rate. What will a man pay for school 
purposes who is rated at £170 per annum? (K.S.) 


15. What is the income-tax on Rs.7177 8as. a year at 4p. in the Re. ? 
Also on what income will a tax of 4p. in the Re. amount to Rs.421 14as. ? 


To find Rental and Ratable Value. 


16. The annual poor rates on a net rental of £365 7s. 3d. amount to 
£36 8s. 9d. What should be the net rental of an estate for which the 
poor rates amount to £24 5s. 10d. per annum? (P.T.) 

17. A rate of 2s. 9d. in the £ on a rental of a parish produces £352 
What is the total rental? (k.8.) 

18. Find the total rental of a town if a tax of 8p. in the Re. on rents 
brings in Rs.32,450. 

19. Find a man’s gross rental if, after paying an income-tax of 6d. 
in the £ on the whole, and 3s. 6d. in the £ on three-fourths of his rental, 
his net income is £2700. (P.T.) 

20. The inhabited house duty at 9d. in the £ on the rent of a house 
is £3 10s. more than the income-tax at 6d.in the £. Find the annual 
rent of the house. (K.8.) 

21. A man can afford Rs.125 for rent, rates, and house-tax. If the 
house-tax is 7p. per rupee upon the whole rent, and the rates are das. 
per Re. upon three-fourths of the rent, find, to the nearest anna, how 
much rent he can pay. 

22. The expenses of the poor in a parish amount to £110 7s. 8d. A 
rate of 4s. 43d. in the & is raised, and proves insufficient by 11id. What 
does the whole rental of the parish amount to? Work by the rule of 
three, and prove by practice. (K.8.) 


To find Rate in the Pound. 


23. The sum of £231 18s. is to be raised in a parish, the ratable 
value of which is £6184. What is the rate inthe £? (P.7.) 

24. If the net income of an estate, after paying all taxes, be £534 15s., 
and the gross income be £570 8s., how much in the £ did the taxes 
amount to? (P.T.) 

25. If the tax on Rs.5025 amounts to Rs.1125 6as. 3p., what is that 
in the rupee ? 

26. If the poor rates on a rental of £525 7s. 6d. be £61 5s, 103d., 
what is that in the £? (C.S.) 

27. My rent is £42, and I am rated at £35. My rates for the year 
are £12 13s. 4d. How much is that in the £ (to the nearest penny) ? 

28. If the net income of an estate, after paying all taxes, be Rs.9373, 
and the gross income be Rs.1000, how much in the rupee did the taxes 
amount to? 
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Miscellaneous. 


29. I pay an income-tax of 1s. 11d. in the £, and a further tax of 
0s. Td. in the £ on the rent of a house which produces } of my gross 
income. These taxes amount to £71 5s. annually. What is the amount 
of my gross income? (c.8.) 


30. When the income-tax is 3d. in the £, a person’s net income is 
£2370 per annum. What will it be when the income-tax is raised to 7d. ? 
(C.PR.) 


31. A, B, and C have incomes amounting in all to £572. Each con- 
tributes the same amount annually to a charity. This amount is, per 
£ of income, 23d. for A, 33d. for B, 44d. for C. Find the amount. (C.w.) 


32. A, B, and C have incomes amounting in all to Rs.8900. Each 
contributes the same amount to a chit fund. This amount is, per 
rupee of income, 2p. for A, 3p. for B, and 4p. for C. Find the amount 
each pays. 


33. A man pays a poor rate which exceeds his income-tax at 7d. in 
the £ by £22 10s., and after paying both, his net income is £486 per 
annum. Find his gross income. (c¢.M.) 


34. Incomes below £150 being subject to income-tax of 5d. in the £, 
and incomes above £150 to a tax of 7d., find what income above £150 a 


man must have to be just 72d. a year poorer than the man with £149 10s. 
a year. (P.T.) 


35. Incomes below Rs.1000 per annum are taxed at 4p. in the rupee, 
and incomes over that amount at 5p. in the rupee. Which gives the 
greater net income, one of Rs.999 per annum or one of Rs.1004 ? 


36. Two men, A and B, with equal incomes, live in different towns 
and are rated at 2s. 6d. and Qs. 2d. in the £ respectively, and the one 
pays £8 3s. 2d. more in rates than the other. Find their incomes. 
Suppose A’s income remains the same, but B’s is altered so that he has 
to pay the same amount for rates as A does, although the rate in the £ 
is unchanged. What would B’s income be then? (e.7.) 


CHAPTER XXIV. 


BANKRUPTCY. 


A Bankrupt is a person who is unable to pay his debts, and who has 
had to surreyder his property in order that it may be proportionately 
divided among his creditors. 

Liabilities or Debts are what a man owes. 

Assets are what a man possesses. 


If a man’s assets are greater than his liabilities, he is said to be solvent; 
if his assets are less than his liabilities, he is insolvent. 


A Debtor is a man who owes money; a Creditor a man to whom 
money is owing. 


When a man’s liabilities exceed his assets, he may call a meeting of his 
creditors, and an arrangement called a composition may be arrived at. Under 
a composition, the creditors agree to receive whatever the debtor can pay. 
The arrangement is then a private one, and such a person is insolvent, but 
not an official bankrupt. If, however, recourse is had to the law, a judge, 
after examining the case, makes an order declaring the debtor a bankrupt. 
An Official Receiver is appointed, who realizes (2.e. turns into money) all 
the assets. After deducting the legal expenses, the Receiver determines 
the ratio which the assets bear to the debts. 

If a bankrupt’s liabilities were £10,000, and his net assets £2500, the 
Official Receiver would declare a dividend of 5s. in the pound, i.e. for every 
pound a creditor should have, he would receive only 5s. When thedivi- 
dends have been paid, the business is said to be wound up. 


Example.—A bankrupt pays 12s. Gd. in the pound. If the total 
loss sustained by his creditors is £325, what are his assets? (0.8.L.) 


In every £1, his assets are 12s. Cd. and his creditors’ losses 7s. 6d., 
i.e. for £124 assets there are £7} losses. 


Hence the following proportion ;— 
As £74 : £325 :: £121 : assets in £s 
nF e 


a 
Losses Assets 
Or x 
32! {X ~ 


o xX 

.. assets = on er oe = £541 18s. 4d. Ans. 
\Z 
4 
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Example.—An executor, administering an estate, finds it encwm- 
bered with debts to the amount of £4822 10s. over and above its 
realized value of £10729 10s. How much in the pound can he offer 
his creditors by way of composition? (c.P.) | 


Total liabilities = £10729 10s. + £4822 10s. = £15052 
Re ey assets ——-, 107294 
Composition in the pound = abies = "15052 
= 14s. 3°07d. Ans. 


EXERCISE XLI. 
“ BANKRUPT’? PROBLEMS. 
To find Bankrupt’s “ Composition” or Dividend. 


1. A bankrupt has assets to the amount of £10252 4s. 8d., and 
liabilities to the amount of £13901 6s. 8d. How much can he pay in 
the £? (c.J.) 

2. A bankrupt’s debts amount to £5670, his assets to £3348 16s. 103d. 
How much can he pay in the £? (c.s.) 

3. The realized value of an estate is Rs.80,471 4as. It is encumbered 
with debts amounting to Rs.48,282 12as. over and above this value. 
What composition—-i.e. how much in the rupee—can be offered to the 
creditors ? 

4. A bankrupt’s debts amount to Rs.51,410, and his assets are only 
Rs.32,773 14as. How much ought a man to receive to whom the 
bankrupt owes Rs.5632 8as. ? 


To find Bankrupt’s Assets. 


5. Ifa man, owing £4582, finds that he can pay only 17s. 6d. for 
each complete pound, what amount of money has he in hand? (o.P.) 


6. A bankrupt pays 18as. 2p.in the rupee. How much will a creditor 
receive to whom he owes Rs.563 12as. ? 


7. A bankrupt pays 8s. 103d. inthe £. Find by practice how much 
a creditor will receive to whom the bankrupt owes £1527 13s. 4d. (c.P.) 


8. A bankrupt’s liabilities are Rs.6235 8as., and he pays his creditors 
das. 6p. in the rupee. Find by practice the amount of his assets. 


9. A bankrupt’s liabilities are £3758 17s. 6d. What are his assets ~ 
if he can pay 13s. 74d. in the £? (c.PR.) 


10. A bankrupt, whose assets are £23420, can pay a composition of 
9s. 6d. in the £ of his debts. What is the amount of his debts? (p.t.) 


11. Find the dividend on Rs.1252 at 10as. 9p. in the rupee. 


12. Find the dividend on £2856 15s. at 9s. 5d. in the £. Deduce 
the dividend on the same amount at 10s. 5d. in the £. (c.w.) 
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To find Bankrupt’s Debts. 


18. A bankrupt’s effects realize £1912 14s., which enables him to 
pay his creditors 15s. 6d. in the £. What amount does he owe? (P.T.) 


14. An estate, which was wound up in bankruptcy, realized the net 
sum of £1290 10s. 7d., and this amount, on being distributed among 
the creditors, was sufficient to pay 15s. 5d. in the £. What was the 
total amount of the bankrupt’s debts? (K.s.) 


15. A creditor receives Rs.694 6as., being a dividend at the rate of 
4as. Tp. in the rupee upon a debt due to him. Find the debt. 


16. A bankrupt can pay 5as. 4p. in the rupee; if his assets were 
Rs.500 more he could pay das. 8p. Find his debts and his assets. 


Miscellaneous. 


17. A bankrupt owes £1500 19s. 7id.; but if he obtained £420 
17s. 6d. more than he has in hand, he could pay his debts in full, and 
would have £250 over. How much has he in hand? (c.P.) 


18. A bankrupt owes £1537 3s. 4d., but his estate is worth only 
£960 14s. Td. What can he pay in the £? and what does a creditor 
receive to whom he owes £325 10s.? (K.s.) 


19. A creditor receives on a debt of £296 a dividend of 12s. 4d. in the 
£, and he receives a further dividend upon the deficiency of 3s. 9d. in 
the £. How much does the creditor receive in all? (P.T.) 


CHAPTER XXV. 
PROBLEMS ON WORK, PIPES, ETC. 


PROBLEMS which involve work done in various times can be 
solved by finding what fraction of the work is done in a unit 
of time. Many problems on the filling of cisterns, the emptying 
of barrels, etc., can be solved by the adoption of some unit. 

Choice of Unit.—The greater part of the difficulty in 
working many problems of this class is the choice of the best 
unit with which to work. The great thing to endeavour to 
avoid is the use of too many fractions, and this is often best 
done by taking as a unit the L.C.M. of the denominators of 
the fractions concerned. 


The method of manipulation will be best shown by the use of 
examples. 


Example.—A and B do a piece of work in 12 days; A alone could 
do it in 20 days. In what time would B do tt alone? 


A and B in 1 day do +. 
A in 1 day does 3. 


Finding the @.C.M. of ;1, and 34, we obtain g4, which we adopt as 
our unit. 
A and Bin1l day do 5 units of work 


AS, ,. 1,52 006k : 
then B 39 1 99 9” 2 99 
and B does the whole work in (60 + 2) days = 30 days 


Ans. = 30 days. 


Example.—aA cistern can be filled by one tap in 3 hrs., by another 
in 3 hrs. and 40 min., and emptied by a third in 2 hrs. and 20 min. 
Tf they are all opened together, in what time will the cistern be filled ? 

0.3 


Taking the cistern as the unit— 
Part filled by 1st tap in 1 hr. = 


” ) 2nd ” 1 Tie 


Part-emptied by 3rd; -., lo 


Ne ae ae ey 
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When all are turned on, part 
filled in 1 hr. Lahti 2 = h 


Number of hours taken to fill cistern = a = #2) = dShrs. 38:048 min. 
231 


By the method of L.C.M. 
The L.C.M. of the denominators of 4, 34, and # = 231. 
Taking z}, of the cistern as a unit— 


Then 744, or 77 units, flow through the Ist pipe in 1 hr. 


and oer or 63 9 PY) 2” 2nd 9 1 2° 
and 32%, or 99, = Paes) air 5 Selig aes 
Wh 1 t . : ; 
fille ee. OG Dar \ = 77 + 63 — 99 units = 41 units 


Number of hours to fill cistern = 281 = 5 hrs. 38°048 min. 
Ans. 5 hrs. 38°048 min. 


Example—A and B undertake to do each 4 of a piece of work. 
A begins at 9 a.m., B at 10.30, and both stop at 12, having then done 3 
of the work between them. They resume work at 1 p.m.,and A finishes 
his share at 4 o'clock: when will B have finished? (©.8.) 


A works 6 hrs. and does 4 the piece of work. 

If A in 6 hrs. does 4 the work, 

then A in 8 hrs. (from 9 a.m. to 12) does 4 of the work ; 

then B in 1} hr. (from 10.80 to 12) does 4 — 4, or yy of the work. 
If B does 35 in 1} hr., 

then he does 3 in 1} hr. x 6 = 9 hrs. 

Deducting the 1} hr. he works before noon, he has 7} hrs. to work 


after 1 p.m. Thus the time he finishes is 8.30 p.m. 
Ans. 8.30 p.m. 


Example.—/f A, B, and C could reap a field in 18 days, B, C, and 
D in 20 days, C, D, and A in 24 days, and D, A, and B in 27 days, 
in what time would it be reaped by them altogether? (R.M.A.) 


A, B, and C in 1 day reap 5 of the field 


B, C, and D 9 s 59 so 9 
a O,and ):,, 1 " 7 ¢ 
A, B, and D ” 1 ”? 37 ” 


By addition— 
3 A’s, 3 B’s, 3 C’s, 3 D’s in 1 day lB eee 
as + py + de + oy of the field J ~ 3240 
then A, B, ©, and D in 1 day reap 3 of #5 = ge of the field. 
If they reap 79%, of the field in 1 day 


then ” 335 ” 9 ros day 
and ‘ 3240 is » tO days = 16:28 days. Ans. 


12 
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EXERCISE XLII. 


PROBLEMS IN WORK AND PIPzs, 
Work. : 
1. A can do a piece of work in 6 days, B can do it in 8 days, and 


C in 12. How long would they take to complete it all working together ? ~ 
| (P.T.) 


~ 2. A can do a piece of work in 10 days, and B can do it in 8 days. 
After A has worked 3 days, in how many days will A and B together * 
finish the remainder? (P.T.) 

3. Three men working together complete a piece of work which 
would take them respectively 15, 20, and 25 days to do if working alone. 
They are paid £4 14s. to be divided in proportion to the work done by 
each. Find their shares. (C.M.) « 


va 


4. Three men together fill a pit in 24 hrs., throwing in respectively 
6, 8, and 9 equal shovelfuls of earth per minute. In what time could 
each man have filled up the pit by himself? (x.s.) 


5. A can reap in 8 days a field which takes B 9 days to reap. They 
work together at harvest, and earn Rs.13 13as. between them. If 
they share it in proportion to the work they have respectively done, 
what should each receive ? . 


6. If a man, a woman, and a boy can do a piece of work in 3, 4, and 

6 days respectively, what fraction of the work would remain unfinished 

after 1 man, 1 woman, and 2 boys had been working at it for a day?“ 
(0.J.) 


7. If A can do as much work in 5 hrs. as B in 6hrs,or as Gin | 
9 hrs., how long will it take C to complete a piece of work, one-half of. 
which has been done by A working 12 hrs., and B working 24 hrs. ? 


8. A can finish a piece of work in 12 days of 8 hrs., B can finish it ¥ 
in 7 days of 9 hrs. Find in how many days they can finish it together, 
if they work 6 hrs.a day. (c.w.s.) 


9. A can doa piece of work in 14 days of 9 hrs.,and Bcandothe ¥/ 
same piece in 12 days of 7 hrs. How long will they take to do it, ¥ 
working together for 8 hrs. a day? (s.u.c.) 


10. A and B can do a piece of work separately in 12 and 16 days 
respectively. They work together at it for 8 days, when A leaves, but vy 
B continues, and after 2 days is joined by C, and they finish it together 
in 8 days. In what time would C do it alone? (c.m.) 


11. A can do a piece of work in 3} days, and B in 24 days. They vf 
work together for a day, and then A leaves B to finish the work alone. 
How long will B take to finish it? (P.r.) 

12. A and B can build a wall in 6 days; at the end of the second eo 
day A falls ill, and B finishes it.in 7 more days; how long would A 
have taken to do the whole by himself ? 

13. C does half as much in a day as A and B can do together, and 
B does half as much again as A. If all three working together can 


See eae ee ed Pa "* 
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mow 20 ac. of barley in 16 days, how long would each, working by ¥ 
himself, take to mow 5 ac.? (C.J.) 


14. A, B,.and C together can do a piece of work in3ddays. Acould _ 
do it by himself in 5 days, or B could do it by himself in 12 days. 
How many days would © take to do it by himself? (0.8.L.) 


15. Two men, A and B, working alone can finish a piece of work in 
7 and 8 hrs. respectively. If they work at it alternately for an hour, 
A beginning, in how many hours will the work be finished? (¢.PR.) 


16. A, B, and C can build a certain wall respectively in 16, 20, and 
24 days. In how long a time would A and B together build a similar “ 
wall of double the length if C helped them for 3 of each day? (C.S.) 


17. Two men undertake to do a piece of work for 1} guin. One could 
do it alone in 7 days, the other in 8 days. With the assistance of a boy, 
they finish it in 3 days. How should the money be divided ? (c.M.S.) 


18. Two men undertake to do a piece of work for Rs.21, One alone _~ 
could do it in 6 days, the other in 7 days. With the assistance of a bo 
they can finish it in 8 days. How should the money be divided ? 


19. After a certain number of men had been employed on a piece of 
work 24 days, and had half finished it, 16 men more were set on, and Ps 
the remaining half was completed in 16 days. How many men were ~ 
employed at first, and what was the whole expense of the work at 
6 annas a day per man ? 


20. A does 3 of a work in 6 hrs., and his place is then taken by B, | 
who does 3 of the remainder in 33 hrs. How long will © take to finish EY 
what is left, if A, B, and C can jointly do the whole in 4 hrs.?  (K.s.8.) “ 


21. Two men undertake to do a piece of work for Rs.90. One of 
them could do it by himself in 16 days, while the other would require 
20 days. They employ an assistant, and, all three working together, 
they complete the work in 8 days. How much of the money has each 
of them earned ? 


Problems specifying the Amount of Work two or more do jointly. 


22. A and B can reap a field in 10 days, A and C in 12 days, B and 
© in 15 days. They all work together for 4 days, when A leaves; B and ~ 
O work together for 6 days more, when B leaves. In how many days 
will C be able to finish the work? (K.S.) 


23. A and B can do a piece of work in 12 days, A and C can do the fo 
game amount of work in 15 days, and B and Cin18 days. In what 
time could each do it separately? (0.8.) 


24. A and B can do a piece of work together in 4 hrs., A and C 
together in 32 hrs., B and C together in 5} hrs. In what time will each 
do the work alone? (P.T.) 


25. A and B together can do a piece of work in 12 days, which B 
and © together can do in 16 days. After A has been working at it for 
5 days, and B for 7 days, C finishes it in 13 days. In how many days 
could each do the work by himself? (c.P.) 


26. Three persons, A, B, and C, share a cask of beer. B and © 
would finish it in 20 days, C and A in 24 days, and B and A in 30 days. 
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After they have shared it together for 8 days, © goes away,and A and B J 
share it for 12 days more. If then B goes away, how much longer will 
it last for A? (0.H.1.) 


27. If A, B, and C could reap a field in 18 days, B,C,and Din , 
20 days, C, D, and A in 24 days, and D, A, and B in 27 days, in what J 
time would it be reaped by them all together ? (R.M.A.) 


28. A, B, and C can do together a piece of work in 10 days. After Ce 
working at it with B and C for 3 days, A leaves off, and B and C finish 
it in 10 days more. In what time can A do it alone? (C.M.8.) 


29. A, B, and C working together can do a piece of work in 6 days. a 
A could do it alone in 24 days. After working together for 2 days, A - 
is taken ill. How long will B and C take to finish it? (nr...) 


30. A, B, and C working together do a piece of work for Rs.8 Tas. 
A working alone could do it in 10 days, B working alone could do it in 
12 days, and C working alone could do it in 15 days. Divide the money V 
between them in proportion to the quantity of work done by each. 


31. Two men, A and B, working together can finish a piece of work’ 
ion 3 hrs. 44 min.; A working alone could finish the work in7 hrs. If 
they worked for 1 hr. alternately, A commencing, how long would it be 
before the work was finished? (L.m.) 


32. If 2 men and 8 boys can do a piece of work in 16 days,and5men . 
and 6 boys can do the same in 7 days, how long will 4 men and 8 boys © 
take to doit? (0.s.L.) 


sf 

33. A piece of work can be done by 3 men and 4 boys in 6 days, by 
3 men and 1 boy in 8 days, and by 4 women and 8 boys in 5 days. How 
long would a woman take to complete the work single-handed ? 

(0. and C.H.C.) 

34. Four men, 3 women, and 2 boys can reap 7 ac. of corn in 2 days; 
2 men and 6 women can reap 11 ac. in 4 days; and 8 men and 5 boys 
can reap 5 ac. in 2 days; the men working 10 hrs., the women 8 hrs., 
and the boys 6 hrs. a day. Ifa man receives 8d. an hour, a woman 64d., 
and a boy 4d., what would 6 men, 5 women, and 4 boys earn in reaping 
33 ac., each working the same number of hours a day as before? (0.8.1.) 


35. One man, 3 women, and 4 boys can doa piece of work in 96 hrs. ; 
2 men and 8 boys can do it in 80 hrs.; and 2 men and 3 women can 
do it in 120 hrs. In how many hours can it be done by 5 men and 
12 boys? (0.8.u.) 


36. If I must hire 2 men and 8 boys for 6 days to do the same piece 
of work as 11 men and 5 boys could do in 14 days, compare the work of 
a boy with that of aman. (.7.) 


37. Three men and 4 boys can level and turf 372 yds. of a cricket-— 
ground in 3 days, and 4 men and 8 boys can complete 640 yds. in 5 days. 
Compare the rates of working of a man and a boy. (C.PR.) 


38. If 7 men and 2 boys working together can do six times as much 
work per hour as a boy and a man together, compare the work of a 
boy with that of aman. (c.PR.) 


39. If a man and 3 boys can do a piece of work in 12 days, and 
5 men and 10 boys can do the same in 38 days, in what time could a 
man alone doit? (c.m.) | 
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40. On a piece of work 2 men and 5 boys are employed, who do 3 
of it in 6 days. After this, 1 man and1 boy more are put on, and } more 
is done in 3 days. How many more men must be put on that the 
whole may be completed in 1 day more? (C.8.) 


41. If either 5 men or 9 boys can do a certain piece of work in 
19 days, in how many days can 13 men and 7: boys working together do 
a piece of work twice as great? (S.x.) 


Taps. 


42. A tub is filled with water by 2 taps running togetherin 1 min. , 
40 sec., and it would be filled by one of the taps alone in 3 min. How * 
long would the other tap running alone take to fill the tub? (u.M.) 


43. A cistern holding 800 gals. is filled by 3 pipes in 25 min. One 
pipe discharges 5 gals. more, and the other 3 gals. less, than the third per 
minute. Find how much flows through each pipe in a minute. (P.T.) 


44, A tank which is 3 full is emptied by a pipe which lets out 
11} gals. in 3 min. 18 sec. "At the end of 23, hrs. ; of the water in the 
tank has run out. Find the capacity of the tank. (C.w.) 


45. Three taps, A, B, and C, can fill a cistern; A by itself in 24 min., 
B in 10 min., and C in 27 min. They are all three turned on at once, 
and after running for 44 min. B and C are turned off. How long will 
A then take by itself to complete the filling of the cistern? (c.m.) 


46. Two pumps, discharging respectively 80 and 100 gals. per 
minute, are employed to drain a well. It is observed that if the smaller 
pump only is at work the water sinks 1 in. per minute, and if both are 
employed from the first, the well is pumped dry in 2 hrs. Find its 
depth. (c.s.) 


Taps and Waste. 


47. A cistern can be filled by one pipe in 30} min., by another in 
382 min., and it can be emptied by a third pipe in17{ min. If it be 
empty and they are all opened together, in what time will the cistern 
be filled? (k.s.) 


48. A cistern can be filled by one pipe in 6 hrs., and by another in 
5 hrs. There is a waste-pipe also, and if this is open when the second 
pipe is working, the cistern takes 73% hrs. to fill. How long will the 
cistern take to fill if all three pipes are open? (C.PR.) 


49. A cistern is filled by 2 pipes, A and B, and emptied by a pipe, C. 


A can fill it in 20 min., and B in 30 min., while C can empty it in © . 


‘48 min. If all 3 pipes are open together, in what time will the cistern 
be half full? (c.w.) 


50. Two pumps are employed to empty a full reservoir holding 
4800000 gals. One pump throws 150, the other throws 350 gals. per 
minute. A stream discharges into the reservoir 20000 gals. per hour. 
The first pump breaks down after working 18 days. How long will the 
second pump then take to empty the reservoir? (k.s.) 


51. A cistern has a tap, A, by which water runs in, and two others, 
B and CG, fixed in the bottom, by which water runs out. When A and B 
are open, the cistern is filled in 25 min.; when A and C are open, in 
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20 min.; when A, B, and C are open, in 80 min. Find how long it will 
take to empty the cistern if B and C are opened and A kept closed. 
(C.PR.) 


52. Two taps can separately fill a cistern, when the waste-pipe is 
closed, in 10 and 12 min. respectively, and when the waste-pipe is open 
they can together fill it in 15 min. How long does it take the waste- 
pipe to empty the cistern when the taps are not running? (C.S.) 


53. Two taps could separately fill a bath in 10 min. and in 12 min. 
respectively, and a waste pipe could empty it in 8 min. The bath being 
empty, the two taps are turned on, but after 3 min. it is found that the 
waste pipe has been left open all the time. The waste pipe is now 
closed; in how many minutes more will the bath be full? (0.8.1) 


54. Water is rising in a cellar whose level floor has an area of 
2000 sq. ft., at the rate of 6 in. per hour, and is 14 ft. deep when a pump 
which discharges 1800 c. ft. in an hour is set to work. If the pump is 
alternately worked for 10 min. and stopped for 3 min., how soon will 
the cellar be dry? (c.s.) 


55. Water runs into a cistern by one pipe and from it by two, in 
each pipe at a uniform rate when the pipe is open. The cistern holds 
1000 gals. If all three pipes be open at once, the cistern, supposed 
full, would empty itself in 200 min. If one escape pipe and the supply 
pipe only be open, it would, if empty, fill in 200 min.; but if the other 
escape pipe and the supply pipe be open, in 100 min. How long would 
it take the two escape pipes to empty the cistern if the supply pipe 
were closed? (L.M.) 


t 


CHAPTER XXVI. 


PROBLEMS INVOLVING UNIFORM IN- 
CREASE WITH AN ORIGINAL SUPPLY. 


Ow considering such a simple question as, “If 8 cows eat the grass 
in a field in 2 days, in what time would 16 cows eat it?” we readily 
see that a very simple case of simple proportion is involved. If, how- 
ever, the wniform growth of grass in the field is to be considered, then 
a new element arises. 

If the grass in the field grows uniformly, and 8 cows eat the grass 
in 2 days, it does not follow that 16 cows would eat the grass in 1 day, 
for although a 2 days’ growth is double a day’s growth, yet an 
important consideration is omitted, viz. the original supply of grass in 
the field. 

Questions of the type now to be considered readily fall into two 
classes: (a) the class in which the number of agents is sought, and 
(0) the class in which the time of a certain operation is required. 


Examples of Class (a). 


If 3 sheep take 30 days, and 5 sheep 15 days, to eat the grass of a field, how 
many sheep will eat the grass in 12 days, the grass being supposed to grow 
uniformly ? 


3 sheep eating for 30 days = 90 sheep eating for 1 day 
5 


99 9° 15 99 = 75 o> 9? 99 9° 
*, 90 > by 1 day consume the original supply +30 days’ growth 
and 75 9 oP) 1 ” >» 9 2 ”9 oe 
cas 8 %s in ‘3 15 days’ growth 
and 1 9? 99 1 99 39 1 59 29 


Now, the required number of sheep has 12 days’ growth to eat} i.e. they 
have 30 — 12, or 18 days’ growth Jess than the first lot of sheep. 

Thus there will be 18 less sheep required, for one sheep eats up one day’s 
growth. 

.. The number of sheep (each eating for 1 day) required = 90 — 18 = 72 
sheep for 1 day. 

Then, if for 1 day there must be 72 sheep 
for 12 days _,, 3 72, or 6 sheep 
Ans. 6 sheep. 


Examples of Class (b). 
If 32 cows eat up a field in 42 days, and 29 could eat up the same field in 49 


days, how many days would 25 cows take, the grass in all three cases being sup- 
posed to grow uniformly ? 
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32 cows eating for 42 days = 1344 cows eating for 1 day 


ese. |, 49 4, a oto ey, ee 
fa-erowth of 7.5, eed pees suas emery 
and 9° 99 1 99 = 11 3° 9° 1 9? 


Now, 1344 cows eating for 1 day eat the original supply 42 days’ growth. 
But 42 days’ growth is eaten by 42 X 11, or 462 cows. 
(1344 — 462) cows, or 882 cows, eating for one day eat the original 


su ply. 

eS 25 cows must eat in the required number of days the or?ginal supply 
-+ the growth during that time. 

Then 25 X required time = 882 + 11 X required time 
i.e. 14 X = js =e bee 
and the nF » = 582 = 63 
Ans. 63 days. 
Questions relating to the emptying of a cistern having an original supply 

as well as a supplying pipe may be solved by a similar method. 


Thus we could “clothe” the preceding problem in this form: 
“ A cistern partly full, into which a steady stream of water is flowing, 
has a number of holes of equal size in the bottom, which can be 
opened or closed at will. If 32 holes are opened the cistern is emptied 
in 42 minutes, if 29 are opened it is emptied in 49 minutes. If 25 
holes are opened, in how many minutes will the cistern be emptied ?” 

The figures are the same in both problems, the principle is the 
same; the words only have been changed. 


EXERCISH XLIII. 


Problems in Continuous Growth and Original Supply. 


1. If 3 cows take 30 days, and 5 cows take 15 days, to eat the grass 
of a field, how many cows will eat it in 6 days, the grass growing 
uniformly ? 


2. If 20 oxen eat the grass of a field in 30 days, and 16 oxen eat the 
grass of the same field in 45 days, how many oxen would eat the grass 
in 60 days if it grow uniformly ? 

3. If 26 cattle take 8 days, and 24 take 10 days, to eat the grass in 
a field, how many cattle would eat the grass in 16 days, it being 
presumed that the grass grows uniformly in all cases ? 


4. If 18 cows eat the grass of a field of 16 ac. in 14 days, and 14 cows 
eat the grass of 12 ac. in 11 days, how long will it take 12 cows to eat 
the grass of 8 acres of the field? (1.1.) 


©. If 109 cattle take 8 days, and 64 take 14 days, to eat the grass of 
a field, how long would 44 take, it being supposed that the grass grows 
uniformly : 


6. If in a meadow of 20 ac. the grass grows at a uniform rate, and 
20 oxen would consume the whole of the grass in 30 days, or 4 oxen 
would consume 5 ac. of it in 45 days, how ceed days would 7 oxen take 
to eat up 10 ac. ? 


7. Suppose that in a meadow of 20 ac. the grass grows at a uniform 
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rate, and that 133 oxen could consume the whole of the grass in 13 days, 
or that 28 of the oxen could eat up 5 ac. of it in 16 days. How long 
would 25 oxen take to eat up 4 ac. ? 


8. I find that I can engage 15 workmen for 11 wks., or 31 workmen 
for 5 weeks, at uniform wages, and in either case pay the wages exactly 
by means of the interest now accumulated on a certain sum of money 
and that which will arise during the particular period of engagement. 
How many workmen could I engage for 20 wks. on the same principle ? 


9. The grass growing uniformly on a meadow would be consumed by 
32 horses in 42 days, and by 29 horses in 49 days. How long must 53 
horses be allowed to graze on it so that all the grass may be consumed ? 


10. If 23 oxen consume 8 ac. of pasture in 26 days, and 25 oxen con- 
sume 7 ac. of the same in 20 days, the grass growing uniformly, how 
many oxen would consume 38 ac. in 5f days ? 


11. In a field in which grass grows uniformly, suppose that 31 oxen 
can consume 8# ac. in three-quarters of the time in which 15 oxen would 
consume 53 ac., and that 22 oxen would require 3 days longer to consume 
74 ac. than 20 oxen would require for 64 ac. How many oxen would eat 
up the 8$ ac. in 21 days ? 

12. A steady stream of water flows into a reservoir partly filled with 
water. The reservoir supplies a certain‘number of houses, each supply 
pipe having the same diameter. If 10 houses are supplied, the reservoir 
is emptied in 20 hrs.; if 8 are supplied, it is emptied in 35 hrs. How 
many houses must be supplied in order that the reservoir may be just 
empty at the end of 14 hours ? 


18. A cistern partly full, into which a steady stream of water is 
flowing, has a number of equal holes in the bottom which can be opened 
or closed at will. If 29 are opened, the cistern is emptied in 14 min. ; 
and if 23 are opened, the cistern is emptied in 20 min. In what time 
would it be emptied if 19 are opened ? 


14. A mine is flooded, and water continues to pour in at a uniform 
rate. It can be pumped dry by 104 men in 9 days, or by 48 men in 
27 days. If 209 men are put to work the pumps, in what time will it 
be dry? 

15. A cistern contains a certain amount of water, and receives a 
uniform supply from a pipe, and if it be emptied by 20 taps in 30 min., 
or by 16 taps in 45 min., how many taps would be required to empty it 
in 60 min. ? 

16. If a cistern which contains a certain quantity of water receive 
a uniform supply from a pipe, and if it be emptied by 8 taps in 16 min., 
or by 10 taps in 12 min., how many taps would be required to empty it 
in 8 min. ? 

17. A steady stream of water flows into a cistern partly full. If 3 
holes (all of equal size) are opened, the cistern is emptied in 80 min. ; 
if 5 are opened, it is emptied in 15 min. In how many minutes will the 
cistern be emptied when 6 holes are opened ? 


18. A cistern partly full, containing 7000 gals., into which a steady 
stream is flowing, has a number of equal outlets which may be opened 
or shut. If 10.are opened, the cistern is emptied in 20 min.; if 12 
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had been opened, the cistern would have been emptied in 14 min. 
Show that in order to empty the cistern at least 6 outlets must be opened, 
and find the amount of water steadily flowing into the cistern. 

(o. and C.S.C.) 


19. When a leak was first discovered in a vessel the water had only 
6 ft. more to rise to sink her. For the first 8 min. 12 of the 18 men on 
board worked at the pumps, the water gaining 3 ft. against them; then 
14 pumped for 6 min., but the water rose 2 ft. more. All hands then 
took to the pumps till the ship foundered. How long a time elapsed 
from the moment when the leak was discovered until the vessel sank ? 


20. An empty cistern has two supplying pipes, A and B, and two 
taps, Cand D. A would fill the cistern in 424 min. and D in 46 min., 
and D can carry off per minute half as much again as C. After A and B 
running together have supplied a certain quantity, C is allowed to run 
with them, and it takes 51 min. to empty the cistern; but had D been 
turned on with C the two would have taken only 5? min. In what time 
would the cistern have been emptied if D had been turned on instead of 
C? How much of the cistern was filled when C was set open ? 


*Qr 


CHAPTER XXVII. 
PROFIT AND LOSS. 


Profit and Loss. 


These terms are used in connection with the cost price and selling 
price of goods. If the cost price is greater than the selling price, the 
difference is called Joss; but if the selling price is greater than the 
cost price, the difference is called profit or gain. 


Absolute and Relative Gain or Loss. 


Absolute gain or loss differs from relative gain or loss. Consider 
the case of two articles. 
. Cost price, £30}; selling price, £40; gain £10 
Cost price, £50; selling price, £60; gain, £10 
The absolute gain (£10) is the same in each case, but the re/ative 
gain of the first is greater than that of the second; for £10 is 4 of £80, 
whereas £10 is only 4 of £50. In the first case there is a gain of 4 of 
the cost price, in the second case of only! of the cost price. It will 
thus be seen that absolute gain deals with the intrinsic or face value of the 
money gained, while relative gain is estimated with reference to the 
cost price. It is important that this distinction should be remembered, 
as the failure to understand relative gain or loss is a fertile source of 
error. 


The Standard Cost Price. 


Where the cost price is not given, it is both convenient and cus- 
tomary to adopt 100 as a standard cost price. The gain or loss 
required can then be expressed as a ratio of 100; 7.e. as a gain or loss 
of so much per cent. More will be said on this point in the chapter 
on “ Percentages.” 


Method of Work. 


Generally profit and loss may be regarded as an application of pro- 
portion and the unitary method, but no general rule can be devised 
that will meet all cases. Or again, many of the questions, as will be 
seen in the next chapter, require nothing more than the reduction of 
certain fractions to other fractions with 100 for a denominator in each 


case, i 
“7 
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The following formulee may be noted :— 


S.P. = C.P. 4+ gain, or C.P. — loss 
profit = 8.P. — C.P. 
loss = C.P. — 8.P. 
where S.P. = selling price, and C.P. = cost price. 


Example.—A woman bought a certain number of eggs at the rate 
of 4 for 3d., and sold them at the rate of 5 for 4d., by which she made 
a profit of 2s. How many eggs did she buy ? 

C.P. 4 for 3d. S.P. 5 for 4d. 
.. 1 costs 3d. “. 1 sells for #d. 


Gain per egg — 4d. — 3d. = ae d. = pyd. 
total profit = 2s., or 244. 
*, number of eggs = 24 + 4, = 480 Ans. 
Or, a preferable method, which avoids fractions— 


4 for 3d. = 20 for 15d. 
5,7 40: 20. eed, 


.. she gains ld. on every 20 eggs 
s » 24d. on (24 X 20) = 480 eggs. 
Ans. 480. 


EXERCISE XLIV. 


PROFIT AND LOSS. 
To find Gain or Loss. 


1. 14400 Ibs. of wool were bought at 54d. and sold at 68d. a pound. 
What was the gain? (p.7.) 


2. A person buys 136 yds. of cloth for £150, and retails it at £1 18s. a 
yard. What does he gain by the transaction? (P.m.) 


8. A nugget weighing 3 lbs. 14 oz. avoirdupois was purchased at 
£39 4s. per pound avoirdupois. On separating the quartz from the gold 
it was found that the gold was to the quartz as 21 to 4. The gold was 
then sold at £3 17s. 4d. per oz. Troy. Find the gain or loss. 

4. A man bought 129 cows at Rotterdam, paying £9 7s. for each; 
their carriage to London cost +; of his outlay. He then exchanged them 
for 105 ponies, which he sold for £13 10s. per head. What did he gain 
on his expenditure? (p.t.) 


5. I buy 325 sheep at 27s. 6d. each, and 48 lambs at 15s. each. Just 


13 wks. after I sell them at 39s. 3d. and 22s. 9d. each respectively. But 
in the mean time they cost me on the average 6d. each per week for keep, 
and other expenses reached 16s, 3d. What is my net gain on the trans- 
action? (C.P.) 


6. I buy 500 mangoes at 2 for Lias., and again 500 more at 2 for 3as., 
after which 60 of the better sort are eaten; I then sell the remainder 
at lan. 2p. each. How much do I gain or lose ? 


ware 


ee ee ey Oe 
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7. A grocer bought 11 cwt. 3 qrs. of cheese for £18 16s. He sold a 
quarter of his stock at £3 per cwt., and the remainder at 30s. per cwt. 
What was his gain upon the whole? (c.w.) 


8. A coal-pit puts out 1000 tons a week, which sell for £370, the 
large coal bringing 10s. and the slack 4s.a ton. If the one costs the 
owner 7s. and the other 6s. in production, find his weekly profit. (c.s.) 


9. A man buys 100 bales of cotton for Rs.131 das. a bale, and sells 
them at 6as. per pound. His customer fails and pays 12as. in the rupee. 
If the bales average 500 Ibs. each, what is his gain? (1.1.) 


10. A dealer invests £1 in new-laid eags at 15 for 1s., and £1 in fresh - 
eggs at 18 for 1s. Two-thirds of the new-laid eggs are sold for 1d. each, 
and the rest are put with the fresh eggs, and all are sold at $d. each. 
What profit is made? (c.H.L.) 


11. Four-fifths of a draper’s stock was destroyed by fire, Z of the 
remainder was injured by water. He sold the injured goods at half 
their cost price for £210, and the uninjured goods he sold for £75. 
What did he lose by the fire? (v.p.) 


To find Price. 


12. A man buys 1365 yds. of calico for a certain sum, and sells it 
for £42 18s. 1}d., one-sixth of this amount being profit. What would 
100 yds. of flannel cost him if he paid as much for 15 yds. of flannel as 
he did for 24 yds. of the calico? (R.N.) 

13. The expenses of farming are four times as great as the rent. 
What is the rent of a farm of 400 ac. if the farmer clears 10s. per acre, 
each acre yielding 16 bush. of wheat, and the wheat fetching 35s. per 
quarter? (c.w.) 

14. Aman buys a flock of 124 sheep for Rs.930. He loses 6 and 
finds 20 others so sickly that he must sell them at once for one rupee 
apiece less than he gave for them. At what price per head must he sell 
the rest to gain Rs.180 on the transaction ? 

15. A man buys 20 tons of hay, and by selling it at 1s. 10!d. per 
bundle gains £3. Had he sold them at 1s. 2d. the bundle he would have 
lost £2. Find the weight of a bundle in pounds, and the cost price per 
ton. 

16. A shopkeeper received 5 chests of tea, and found that by selling 
it at 2s. 6d. a pound the last chest was clear profit. At what price must 
he sell to lower his gains to one-half this rate? (c.M.) 

17. A tradesman sold 318 cwt. of sugar for £775 2s. 6d., and realized 


a profit of £39 15s. by the sale. What did the sugar cost him shies: ? 
C.P. 


To find Number or Amownt. 


18, A man sells 60 articles at a profit of Rs.2 8as. each. What 
additional number must he sell at a profit of Rs.3 4as. each, so as to 
realize an average profit of Rs.2 1las. on each article sold ? 


19. A man hires a show ground for 3 days at a cost of Rs.350 a day, 
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and his other expenses are Rs.72 a day. 3200 people are admitted 
at 4as. each, 780 at Sas., and a certain number at Re.1 each. If the 
contractor made a total profit of Rs.250, how many were admitted at 
Re.1 each ? 

20. The cost price of an article is £2 12s. 6d. per ton; the selling 
price is £2 18s. 9d. per ton. How many tons must be sold to gain 
£9 5s. 111d.? (K.S.) 


ee a a ee 


CHAPTER XXVIII. 
PERCENTAGES. 


Per cent. (L. per centum).—From its derivation it will be 
seen that the phrase “ per cent.” means ‘for a hundred.” 
Business men adopt 100 as a convenient standard of com- 
parison for estimating profit and loss, and the phrase “ per 
cent.” is merely a shortened form of per centum. The phrase 
has a wider meaning here than in Interest, where it aiways 
stands for £100. 


In percentages the 100 may be either abstract or concrete, and it 
may refer to any denomination. A gain of £10 on £100, of 10 lbs. on 
100 lbs., of 10s. on 100s., cach is called a gain of 10%. The symbol 
%, is often used for the term “ per cent.” 


Percentage.—A percentage is that part of a quantity 
which is estimated in hundredths. It thus means a number 
which has the same ratio to 100 as the given number bears to 
some other number. Percentages are nothing more than 
special cases of Proportion or Proportional parts. 

Rate per cent.—A rate of 5 % means 5 parts out of a 
hundred ; hence rate per cent. means nothing more than the 
number of hundredths expressed by the figure which indicates 
the rate. 


Rate per cent. may thus be eapressed as a fraction with 100 for a 
denominator, e.g. 5 % may be written 735. But any fraction may be 
reduced to another fraction with 100 as a denominator, for the fraction 
can be written in the form of a complex fraction with unity for a 
denominator, and then both numerator and denominator can be multi- 
plied by 100; e.g,— 


3 = js 4“ = 7, = 75 hundredths 


Again, since any ratio may be expressed as a fraction, any ratio 
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may also be expressed as a percentage; e.g. the ratio of 5s. 6d. to £2 


2 RDB Oda OF: 
can be expressed by the fraction 39 8 ZO} 


BL Bh Oe lee 
and 40 = 40 x 24 e000 o 133 per cent. 

Absolute and Relative Values—It must always be 
remembered that a percentage is a relative value, and not an 
absolute one. A knowledge of this fact will help the student 


to distinguish between such expressions as gq and 35 ye 


2. is absolute, and means 34 of the whole number. 
2. %is relative, and means 35 X 799 OT zo00 Of the whole. 
A concrete exampie will fix the distinction, and will show that the 


two values may differ widely; ¢.g.— 
A man (A) loses £1000 out of a capital of £20,000 


another ,, (B) ,, £1000 = 2 £100,000 
A’s loss per cent. = pis X 100 =5 % 
B’s 99 29 = 7o0000 x 100 =1 EA 


“The absolute loss is the same in each case, but the relative loss of 
A is 5 times that of B. 


Method of Work.—The rule for “ Percentages,” in 
most cases, is one of the many applications of Proportion 
found in the higher rules of arithmetic. Most questions can 
be solved by proportion, or by rules which can be deduced from 
proportion. 


To find Rate per cent. 


Example.— What percentage of 25 is 6? 
The problem is to find a number which bears the same relation to 


100 that 6 does to 25. 
25 : 6 :: 100 : required number 


4 
“. required number = e = = 24 
Hence 6 is 24 ¥ of 25. Ans. 
Example.—F'ind to 2 significant figures by how much per cent. 42 
exceeds 3552 (1.M.) 


2486 — 2485, 
rates Be eee 
then $55 : 100 :: z}z : required percentage 
20 
Percentage = eee = ff, = °04 
71 7 
Ans. ‘04 %. 


a ee ee aR ee rT eRe 
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Example.—Find the percentage of mineral matter in a specimen 
of 6362 oz. of water containing 3781, oz. of mineral matter. (P.T.) 


3.31 z 
Percentage of mineral = cane ~100.= aa A = Ans. 
2% 


Rate per Unit—It has already been shown that 
percentages are nothing but fractions with 100 as a common 
denominator. If quantities or relations between quantities are 
expressed as fractions with a common denominator, they are 
easy of comparison, and this is one of the chief reasons for the 
use of percentages; but there is no doubt that the process 
would be clearer and equally useful, in most cases, if the 
absolute proportion to unity were the recognized standard 
instead of a denomination of 100. 


Compound Percentages.—A compound or gross percentage is a 
percentage upon a percentage, and is merely a question of multiplica- 
tion; ¢.g. if in an examination 60 % of the candidates pass, and of 
these 80 7% are accepted, the gross percentage, or percentage of accept- 
ances, 18 75 X zoo» Which equals 3489, or ;48,, or 48 %. 

A simple example like this shows the superiority of the method of 
absolute proportion to that of percentages, for the denominators would 
have been omitted and the statement would have been written down 
thus: °6 x ‘8 = *48., 

Any number of percentages can be combined. 


Applications of the Term ‘per cent.”—The use 
of the term “ per cent.” is a wide one, and it may be said 
to embrace the whole field of the commercial and scientific 
world. Percentages may involve the element of time or they 
may not, but the term is more usually used in the latter sense 
than in the former. 


1. Involving ‘‘ Time.”—Percentages involving “time” are found in 
questions on interest, discount, and compound partnership. These rules 
are dealt with elsewhere. 

2. Without “ Time.”—These include questions on profit and loss, com- 
missions on purchases, sales, or collections, insurance, rates and taxes, 
bankruptey, dividends, discount or abatements for cash, simple partner- 
ship, and certain statistical tables concerning population, birth, death, and 
marriage rates, education, employments, mixtures, ete. 


Problems on Houses and Estates. 


Example.—A man expects to let a house for £80 per annum, and 
calculates that after deducting an annual sum for repairs, etc., he will 
get 7% %, on the purchase money. He lets the house for £76 per annum, 
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spends yearly £5 more than he intended on repairs, and gets 6 % on 
the purchase money. What did he give for the house 2 


The estimated cost of repairs is common to both rents, and therefore can 
be eliminated. 
The actual cost of repairs is £5 per annum above the estimate. The net 
rent, therefore, in the second case is £76 — £5 = £71. 
1 
2g 


Now, £80 gives rhs of the C.P. 


100 
and £ 7A 39 reo 29 399 
Theat b tion, ( ©) op. — (€80 — £71) = £9 
en, by question, 10 100 ) & mare _ = 


pe U.P = £9 
aCe 00 i. 


] 
3 
£9 x 100 « 1 
eeCsb.: = + laa go = £600 Ans. 
“i 


Problems involving Income-tax.—In questions of 
this kind, as a rule, additions or subtractions have to be made. 
In such cases it is advisable to work by Fractions, 


Example.—TJ/ the income-tax were 34 & on a man’s income instead 


of 8d. in the pound, what difference would it make to a man whose 
annual income is £3125?  (x.s.) 
EH 
The ratio of income-tax in each case respectively is a and 33>. 
Reducing to a common denominator, we get— . 
7X6 8 xX 5 
rio and aio = 509 x 6 O74 520 x B= Thts ANd rity 
.. difference = ;4, of £3125 
= £5 4s. 2d. Ans. 


To find Selling Price. 


Example.—T sell a book for 18s. 2d. and gain 9 %. At what price 
must I sell it to gain 15%? (c.m.) 


Let 100 = C.P. 
then 18s. 2d. = 109 %, and the problem becomes— 


If 109 is the percentage value of 18s. 2d., what sum will be represented 
by the percentage value of 115 ? 
a.e. 109 ; 115 :: 18s. 2d. : required amount 


115 X 218 
109 x 12" 
Note.—It is usually asserted that problems of this kind are not propor- 


tions. It is true there is no proportion between the given rates and the 
S.P., for— 


“. required amount = = 115s,= 19s. 2d. Ans. 


9 is not to 15 as 18s. 2d. is to 19°. 2d. 


A proportion, however, does exist between the given rates and the profit 


pa ae ee ee 
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on the C.P,; for the C.P. is 16s. 8/., and the profit is therefore ls. 6d. and 
2s. 67. respectively, to which the given rates are proportional; for— 


Meera... Le. 6d,.°-23. 6d: 
A proportion also exists if percentage values, which contain the standard 
or assumed C.P., are taken, #.c. 109 : 115 :: 18s. 2d. : 19s. 24. It is, there- 
fore, not wrong, as is sometimes asserted, to regard problems of this nature 
as examples in proportion. The error lies in the attempt to form the 


proportion with the given rates and the S.P., instead of with percentage 
values (which contain the standard or assumed C.P.) and the 8.P. 


To find Cost Price. 


Example—An article is sold at a profit of 15%. The purchaser 
sells tt again for £9 15s. 6d. at a profit of 274 % on what he gave for 
ut. How much did the article originally cost? (c.w.) 


L 
The article is sold for 445 of C.P., and again for i273 of 448 of C.P. 


100 
h Fit eae 1000. eae ee 
then original cost = £934 x ov, * 113 = £62 
or, by proportion, if we let 100 = C.P. 
BM 
ee : 100 :: £924 : original cost 


Ans. £6 13s. 4d. 


Example.— Watches are sold at a gain of 5%. Sf the SP. of 
each watch were increased by 2s. the gain would. then be 10%. Find 
the C.P. of each watch. (c.M.) 

qos of C.P. — 755 of O.P. 
. bo, OF gy of C.P. 
eieuer. 


2s. 
2s. 
2s. X 20 = 40s., or £2. Ans. 


How fl 


To find Profit or Loss per cent. 


The profit or loss must be estimated as so much per cent. on the 
Cost Price, unless specially directed otherwise. 


Example.—An article is sold for £50 at a profit of 8%. Find the 


C.P + 785 C.P. = S8.P. = £50 
and 100 C.P.+ 8 C.P. = 100 x £50 
108 C.P. = £5000 
*, ©.P. = £5000 = £46 be. lldd. Ans. 
Note.—Students sometimes find 8 % on the £50, and then subtract their 
answer from £50. This is wrong, because the profit is not 8 % on £50, since 


the £50 contains the 8 % profit, but 8 % on the C.P., which has to be found 
or assumed. 


Example.—A man makes a profit of 24% by selling an article for 
£1 1s. 43d. How much per cent. would he make by selling it for 
£1 1s. 3d.? (s8.x.) 


Let 100 = C.P. 
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The problem then becomes: If £1 1s. 44d. represents 102} %, what 
percentage value will £1 1s. 3d. represent ? | 


ie. £1 1s, 44d. : £1 1s. 3d. :: 1024 per cent. : required percentage 


<5 x 205 

x QRH x QOH 

yeyxg 
Bi 


i.€. required percentage = 


Ans. 2%. 
Note.—This type of problem is often misstated thus— 
£1 1s, 43d. : £1 1s. 3d. 31.24% 3 gain 7. 


It is another instance, in such cases, of the failure to distinguish between 
rates and percentage values which contain the cost price. 


Example.—A schoolboy buys oranges at the rate of three for 2d., 
and sells them at the rate of two for lid. What does he gain or lose 
per cent.2 If the buying and selling prices were reversed, what would 
the percentage of profit or loss be? (C.8.L.) 


B.P. = 3 for 2d. . or 6 for 4d. \ ne, 
SP. = 2 for lid. or 6 for Ga 
Then 4d. : 100d. :: $d. : gain per cent. 
1 : 
”. gain per cent. = sei = 100 — 124 % gain. © Ans. 


Reversed prices— 
4id,: 100d. :: $d. : loss per cent. 


100 x . 
Br 190 — 114% Joss. Ans. 


loss per cent. = 


Examples on Schools. 


A school contains 880 scholars; 5 % are between the ages of 12 
and 14,10 % between 10 and 12, 385 % between 8 and 10, and the 
remainder under that age. Find the number of each class. (P.T.) 


Number between 12 and 14 = =35 X 380 = 19 
» ” 10 ,, 12 = 7% x 380 = as} Total 190 
% » 8 , 10 = 35 xX 380 = 133 


“remainder = 380 — 190 = 190 
Ans. 190. 


At an examination, in which full marks were 1000, A got 20 % 
more than B, B 10% more than C, and C20 % less than D. If A 
got 660, what percentage of full marks was obtained by D? (8.K.) 


A got 660 


110 
then B got _ X GGQ = 550 


then C’s marks = pe x oa = 500 
aks iS 


nae 
QQ 
and D’s marks = RO xX AQQ = 625 


x) 
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o>) 


62°5 


.*. D’s percentage of full marks = On x LQ) = 62°57 


AQ 


Ans. 62°5%. 
Questions on Population. 


Example.—The population of a country increases 3 % annually, 
but is decreased by emigration annually to the extent of 4% on the 
whole. What will be the increase per cent. in three years? (c.8.) 


Let population = 100. 


First year— 
net increase = 3—4= 24% 
*, population = el 
z 100 


Second year— 
population = —~+ _— 


Third year— 


ee FL02b. 2) (1024 a eee 24 (1024. 
ed penn TT + Tht an) + a 100 * 100 Too ) 
Bete tic 41 41 
= 407 402 * 402 + 403 
_ 41 bo 41 
= 40%? * aoe a0: 
_ 65600 + 3280+ 41... 
64000 = 62068 
= L&itis 
*, increase percent. = ‘phe X LQQ = 7°689 yaaa eee | 
“* 2 pe BARR = ee ny nS. 


Miscellaneous Problems. 


Example.—/f the price of coal be raised 10 %, find by how much 
per cent. a man must reduce his consumption of that article so as not 
to increase his expenditure? (L.M.) 


Raised price = +$2 of original price. 


The consumption then, when reduced, must be the reciprocal of 
the increased price ; 


i.e. it must be 49° of original amount. 
If 100 be the original amount, then the reduced consumption is— 
4199 % 100 = 9012 


.. reduction per cent. = 100 — 9039 = 9), % 
Ans. 975 %. 
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Example.—A reduction of 10 % in the price of an article per 
pound would enable a man to buy 10 lbs. more for 25s. What is the 
reduced price 2 

After the price is reduced 10 ¥, 90s. will buy as much 
as 100s. would before the reduction, 
”. 90 ¥ of 25s. buys as much as 25s. before the reduction, 
.. 10 ¥ of 25s. buys 10 lbs., 
i.e. 2s. 6d. buys 10 lbs., 
*, 1 Ib. costs 3d. 


Ans. 3d. per lb. 


Example.—A workman finds that he has to spend 50 % of his 
income on food, 15 % on clothes, and 12 % on rent, and he saves the 
remainder. He emigrates to a country where food costs half as much, 
clothes three times as much, and rent two and a half times as much, 
but wages are 50 % higher. Find whether he is better or worse off, the 
criterion being the length of time his savings would support him in the 
country where he is settled. (.M.) 


First Case. Second Case. 
Food = 50 Food = 25 
Clothes = 15 Clothes = 45 
Rent = 12 100 Rent = 30 150 
“. savings = 23 .. Savings = 50 


Expenditure in Ist case = 745, and savings 395 for any given period of time. 
Expenditure in 2nd case =. +2§, and savings 53% for the same period of time. 
.. relative lengths of time are— 


ye 
ee as. aad ) 2 x a 
3 3 
too and $ 
BBbR8 and abe86 
The second fraction is the greater, and he would therefore be better off. 


Ans. 


++ Example.—The cost per ton of the two principal ingredients of a 
manufactured commodity are in the ratio of 5: 4; the quantities used 
are in the ratio 4:3; labour and other expenses are £6 per ton of the 
manufactured product, which is sold at a discount of 8% of the nominal 
selling price. The quantity sold is equal to that of the chief ingredient, 
the bye-products being valueless. The expected profit is 25%. But if 
the prices of the ingredients rise 10 % and the selling price falls 10 %, 
the profit will be 84 %. What was the nominal selling price per 
ton? (S.A) 


Let the cost of chief ingredient be £y per ton 
If we take 1 ton of chief ingredient we must take 
3 ton ,, second . 


and we shall have 1 ton of manufactured article, 
.. Cost of 1 ton of manufactured article is y + £3 of 4v + £6 


ine. £(8y + 6) 
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". expected actual selling price per ton is £425 (By + 6) 
The ingredients rise to 10 % in price 

. cost of | ton of manufactured article is £(43% x $y) + £6 
and the price per ton actually obtained £29, of 138 (8y + 6) 


4 
i x * + ; 
i 5 100 
Hence r end 1033 
9Q RA 8y 
109 * ce er 6) 
4 
og (ty + 150} 
1.0. 5 oo 200 
1 LOX 
) é 23 
qo) 2Y are EL 
2 100 
* -, x(44y +150) _ 2X0 


eS “5 (Qy +48) ~ 23 
i.e, 10127 + 3450 = 10007 + 3750 
127 = 300 
¥ = 26 
Oey 5 
— ¢) 189/8 
-. expected actual S.P. = £ LOO 5 ” Q5 + s) per ton 
4 
= £23° per ton 
", nominal selling price = 109 of £239 per ton 
= £62 10°. per ton. Ans. 


EXERCISE KLV. 


PERCENTAGES. 


Problems on finding “ per cent.” 


1. What percentage (a) of 5 are 20, 3}, 02, and 14? (v.r,); (b) of 
1 ton are 1} ewt., 1 qr. 15 lbs. 42 oz., 2 lbs. 124 oz. ? (c.w.) 


2. One liquid contains 22} per cent. of water, another 27 per cent. 
A glass is filled 5 parts of the one liquid and 7 parts of the other. What 
percentage of water is in the glass? (0.M.s.) 


3. By selling 48 yds. at 1s. 8d. a yard a draper gains 4s. What was 
the cost price per yard, and what was his gain per cent.? In actual 
trade the percentage of gain is usually calculated on the selling price. 
What would be the percentage gained if so calculated in the above. 
question? (P.T.) 


4. A grocer buys 30 lbs. of tea; he sells 16 lbs. at Qs. Tid. per pound, 
nd the rest at 2s. 9d. per pound, and thereby makes a profit of 15 per 
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cent. If he had sold all at 2s. 93d. per pound, what rate per cent. profit 
would have been made? (C.M.) 


5. If a man receives on | of his capital 3 per cent., on 3 5 per cent., 
and on the remainder 11 per cent., what percentage does he receive on 
the whole? (K.8.) 


6. A merchant sells an article at an advance of 12 per cent. on the 
cost price. How much per cent. of the selling price is profit ? (R.M.A.) 


7. A cyclometer maker, in graduating his instrument, uses the 
fraction 143 as equivalent to 437. How much per cent. is hiserror ? Also 
how far must the cycle run that the reading may be 1 mi. wrong? (S.A.) 


8. If £1869 are given at the Mint for 40 lbs. Troy of gold, and 
1939 oz. at the mine are worth £7000, find, to 3 significant figures, how 
much per cent. the value of gold at the Mint is above that at the mine. 

(s.A.) 

9. With one set of weights my apparent weight is 1:1 times what it 
is with another set. The first set is 3! per cent. too light. How much 
per cent. is the second set wrong? (Ss.A.) 


10. If the silver price of gold has risen 113 per cent., find to 2 
places of decimal fractions how much the gold price of silver has fallen. 
(S.A.) 


Problems on finding Selling Price. 


11. A person buys a quantity of wine at 16s. per gallon; 20 per cent. 
of it is lost through natural causes. Find at what price per gallon he 
must sell it so as to gain 20 per cent. on his outlay. (I.1.) 


12. A shopkeeper buys goods for Rs.118 12as. He sells them so as to 
give 5 per cent. off the selling price for cash payment, and still to make 
a profit of 10 per cerit. For what sum would he sell the goods on credit? 


13. If silk is bought at 3 fr. per metre, what is the least price per 
yard, to the nearest penny, at which it must be sold, so that the gain 
may be not less than at the rate of 10 per cent,? (Take a sovereign to 
be worth 25 fr., and the length of a metre to be 39°4 in.) (c.P.) 


14. If I should lose 123 per cent. by selling a horse to-day for 
Rs.393 12as., at what price must I sell the horse in 6 weeks’ time so as 
to gain 123 per cent., including profit at this rate on the cost of keeping 
him for the 6 wks. at Rs.5 a week ? 


15. A man rents a farm for £150 per annum. He stocks it with 
50 head of cattle, which cost him £625. He spends £62 10s. in labour 
during the year, and sells the cattle at the end of it, realizing his rent, 
charge for labour, and 10 per cent. profit on the cost price of the cattle. 
For how much per head were the cattle sold? (c.w.) 


16. A person gave Rs.1125 for 20 casks of oil, each containing 30 
gals. He sold 5 casks at Rs.2 4as. per gallon, 1 cask was stove in and 
the whole of its contents lost, and 15 gals. were also lost by ordinary 
leakage. He then sold the remainder at a price per gallon which made 
his gain amount to 20 per cent. on the whole transaction. What was 
his selling price per gallon at the second sale ? 


17. If the cost price of an article is reduced by 1:25 fr. per kilo the 
profit per cent. will be doubled, but if the sale price is reduced at the 
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same time by 6d. a pound, the profit per cent. will be unaltered. 
Determine the sale price of the article in shillings per pound. (1 kilo 
= 2°2.1bs., £1 = 25 fr.) 0.8.1.) 


18. A merchant buys two kinds of wine, the price of one being 

5 per cent. cheaper than that of the other. By selling the dearer wine 

at 39s. per dozen he makes a profit of 17 per cent. At what price per 

dozen must he sell the other so as to make on it a profit of 20 per cent. ? 
(0.8.L.) 

19. A reduction of 40 per cent. in the price of eggs would enable a 

purchaser to obtain 56 more for £1. What is the reduced price ? (s.a.) 


Problems on finding Cost Price. 


20. A maund of sugar when sold at a gain of 5 per cent. yields 4as. Tp. 
more than when sold at a loss of 6 per cent. Find the original cost. 


21. If by selling a horse for Rs.1160 I lose 18 per cent., how much 
per cent. should I have gained or lost, had it been sold for Rs.1320 ? 


22. If I sell a horse for £62, and a cow for £26, I gain 10 per cent. 
on the original cost of both; but if I sell the horse for £63, and the cow 
for its original price, I lose 10 per cent. Find the original cost of each. 

(C.M.) 

23. A dealer bought 76 cows, and then sold 20 at a profit of 15 per 
cent., 40 at a profit of 19 per cent., and the remainder at a profit of 
25 per cent., making a total profit of Rs.657. What did he give for 
each cow ? 


24, A man buys two horses, A and B; A cost £25 more than B. He 
sells A at a profit of 15 per cent., and B at a profit of 8 per cent. ; his 
total gain is £37 2s. What was the original price of each horse ? (C.M.) 


25. A consignment of 1600 lbs. of sugar is sold at 4id. per pound to 
gain 12} per cent.; a second of 1800 lbs. at 53d. per pound to gain 10 
per cent.; a third of 2000 lbs. is sold at 8d. per pound, and a gain of 
10 per cent. is made upon the whole. Find the original price per pound 
of the third consignment. (c.w.) 


26. For a monthly return ticket 25 per cent. more is paid than for 
a single ticket. At the end of the month an extension of the time for a 
week is obtained by paying 5 per cent. on the monthly ticket. The whole 
sum paid is £2 12s, 6d. Find the price of the single ticket. (C.W.S8.) 


27. If the manufacturer makes a profit of 20 per cent., the wholesale 
dealer a profit of 25 per cent., and the shopkeeper a profit of 33} per 
cent., what was the cost of the manufacture of an article bought at a 
shop for Rs.10? 


28. Aman bought a horse and carriage which he afterwards sold 
for £83, gaining thereby 10 per cent. on the horse and 25 per cent. on 
the carriage. Had he sold them so as to gain 25 per cent. on the 
horse and 10 per cent. on the carriage, he would have realized £81 10s. 
How much did he pay for each? (c.w.) 


Problems on finding Gain or Loss. 


29. The nominal weight of a truck of coals is 8 tons 10 cwt., the 
actual is 8 tons 18 cwt. If 10 per cent. profit be made by selling the 


K 
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coal by the truck at 22s. per ton nominal weight, what rate of profit 
will be made by retailing it at 22s. 8d. per ton actual weight? (C.S.L.) 


30. A dealer has two sorts of tea which he sells at the same price, 
thereby making a profit of 5 per cent. on one and 20 per cent. on the 
other. Determine his total profit per cent. if he sells 7 lbs. of the 
former to every 2 lbs. of the latter. (0.8.L.) 


81. A dealer was making a profit of 25 per cent. by selling whisky 
at 15s. per gallon. Owing to a rise in the duty on spirits, he paid 6d. 
per gallon more than before for similar whisky, and sold it at 15s. 6d. 
per gallon. What was his profit per cent. after the change? (C.J.) 


32. A druggist buys a certain commodity by avoirdupois weight and 
sells it by Troy weight. The buying price is 3d. per ounce, and he sells 
at 6d. What is his gain per cent.? (R.M.A.) 


33. Mangoes are bought at the rate of 7 for 3as. ; half of them are 
sold at 5 for 2as., one-fifth at 7 for 4as., and the rest at 7 for das. What 
is the smallest number of mangoes that can be so dealt in, and what is 
the gain or loss per cent. ? 


34. Postcards stamped with jd. stamps are sold by the Post Office 
at 10 for 6d. if thick, and 10 for 53d. if thin. What is the saving per 
cent. on each kind, on the cost of the cards (independently of postage), 
by using cards bought at 100 for 3d. and affixing }d. stamps? (C.P.) 


35. What profit per cent. is made by selling an article at a certain 
price, if by selling it at half that price there would be a loss at the rate 
of 123 per cent.? .(C.P.) 


36. A tradesman paid 8s. per bushel for plums, and at the rate of 8s. 
ver cwt. for their delivery at his place of business, and professed to sell 
them at 4d. per pound, but gave an average weight of 16} oz. instead of 
1lb. At what rate per cent., correct to one decimal place, was his profit 
if the average weight of a bushel of the plums was 54 lbs.? (C.P.) 


37. A publisher sells books to a retail dealer at 5s.a copy, but allows 
25 copies to count as 24. If the retailer sells each of the 25 copies at 
6s. 9d., what profit per cent. does he make? (S.K.) 


38. A man buys 45 bush. of apples at 2s. 6d.a bushel; § of them 
is spoilt; of the remainder he sells } at 2d. a pound, and § at 4s. a bushel 
(a bushel of apples weighs 40 lbs.). What profit does he make? And 
what is his profit per cent. of his outlay? (S.K.) 


Problems on finding Amount. 


39. During a campaign an army lost 17 per cent. of its strength by 
disease, etc., and then lost 16 per cent. of the remainder in a battle; 
the number then remaining was 6972. Of how many did the army 
consist at first? (c.w.) 


40. The number of sheep on a farm increases at the rate of 20 pet 
cent. per annum. If at the end of two years there are 720 sheep, how 
many were there originally? (c.m.) 


41. A man buys some fruitat 12s. 6d. per bushel, and makes a profit 
of 20 per cent. by selling itat 84d. per pound. Find the weight of a pint 
of the fruit? (C.H.L.) 
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42. Seventy-five per cent. of the area of a farm is arable. Of the 
remainder 85 per cent. is pasture, and the rest is waste ; the area of the 
waste is 3ac. Ord. 20 po. What is the area of the farm? (s.x.) 


. 43. In a forest 5 per cent. of the trees are blown over in a gale, and 
after 3 per cent. of those remaining are cut down there still stand 55290 
trees. How many trees were there in the forest before the gale? (c.s.L.) 


44. Areduction of 40 per cent. in the price of half-crown tea enables 
me to buy for my money 6 lbs. more than I could previously buy for a 
sovereign. What amount have I? (c.p.) 


Problems on Houses and Estates. 


45. If the price of land fall 80 per cent., so that ‘15 of an estate 
becomes worth £1400, find the original value of the whole estate. (x.s.) 


46. Aman builds a house at a cost of Rs.25000. The expenses for 
taxes and upkeep equal the rent for four months. What monthly rent 
must he charge so as to realize 4 per cent. on his outlay ? 


47. A man buys 18 houses for £11196; he repairs them, and lets 
each house for £27 12s. 6d. per annum, thereby getting a return of 
4% per cent. per annum on his money. What did he spend on repairs ? 

(C.w.) 


| 48. If % of an estate be worth 200 guins., and the value of the estate 
be increased ‘075 per cent. by improvements, find the value of 28 of the 
improved estate. (K.S.) 


49. A man built a house and sold it for Rs.12000, losing 4 per cent. 
by the transaction. What did it cost him to build? If he had not sold 
it, at what annual rent would he have had to let it so as to make 6 per 
cent. on his outlay? (c.H.L.) 


50. A farmer, who just makes ends meet, sells all his produce and 
pays annually £120 rent, £50 wages, and £50 for household expenses. 
The price of farm produce falls 203 per cent., and wages and household 
expenses remain as before. By how much per cent. must the rent be 
reduced if the farmer is still to make ends meet? (x,s.) 


51. If a single house costs Rs.18000 for building, 2 as much for 
furniture and 3, as much for drainage, and if in building five houses at 
once 7 per cent. is saved of the cost of building, 54 per cent. of that of 
furnishing, and 9 per cent. of that of drainage, find the cost " the ae 

C.H.L, 


52. If a man leaves at his death an estate whose value is between 
£25000 and £50000, it has to pay a duty of 43% per cent.; but if the 
value be over £50000 and under £75000 it has to pay 5 per cent. Find 
the difference between the net values of two estates whose gross values 
are £49900 and £50100 respectively. (c.H.L.) 


Problems on Rates and Tames. 


53. A farm of 200 ac. is rated at 2s.6d. an acre. After the rent has 
been diminished by 4 per cent. and the rates have been increased by £5, 
it is found that the rates amount to 122 per cent. of the rent. Determine 
the original rent of the farm. (0.J.) 
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54, An estate has been let for £480 a year, less landlord’s taxes 
amounting to 15d. in the £. If the rent is reduced to £450 a year, and 
taxes rise to 16d. in the £, by how much per cent. will the landlord’s 
net receipts be reduced? (0.8.L.) 


55. The gross income of an estate is Rs.11040. What is the net 
income after paying income-tax at 5 pies in the rupee, and rates to the 
amount of 18? per cent. of the gross income ? 


56. The income-tax was reduced from 73d. to 6d. in the £, but a man’s 
total income was at the same time reduced by 3} per cent. Find by 
what percentage his net income was altered. (K.s.) 


.57. A man finds that his gross income for 1901-2 is greater by 6 per 
cent. than his gross income for 1900-1. His net income after paying 
income-tax has increased by £31. The income-tax is now 1s. 2d. in the 
£, and was 1s. in the £ previously. Whatis his netincome now? (C.M.) 


58. If an income-tax of 1d. in the £ produce £3857216 11s. 12d., and 
the capital of the country be supposed to produce an income of 22 per 
cent., find the capital of the country. (c.M.) 


& 

59. The gross rental of an estate is £13500, and deductions arising 
from rates and taxes at 3s. in the £, and interest on a mortgage of £3000 
amount to 16 per cent. of this rental. What is the rate of interest paid 
on the mortgage? (P.H.A.) 


60. A landlord’s net rental, after paying 5 per cent. for collection, 
and 5 pies in the rupee income-tax on the remainder, is Rs.2775 12as. 6p. 
Find his gross rental. 


61. A house in France is bought for 16000 fr. The purchaser has to 
pay annually a ground rent of 40 fr., and 50 fr. in taxes. What must be 
the annual rent in order that each year his net profit may be 4 per cent. 
on the outlay? (c.P.) 


Problems on Schools and Hxaminations. 


62. In a school of four sections, the first contained 16 per cent., the 
second 22 per cent., the third 30 per cent. of the scholars, and the fourth 
section contained 80 scholars. How many scholars are in the first, 
second, and third sections respectively ?  (P.7.) 


63. In a school of three departments the number in the boys’ depart- 
ment is 31°25 per cent. of the whole, and the number in the girls’ 98-75 
per cent. of the whole. If there are 20 more boys than girls, find the 
number in the infants’ department. (c.w.) 


64. The cost of maintaining a certain school for one year was 
Rs.26015. The fees amounted to Rs.15330, and the Government grant 
to Rs.3200. What percentage of the expenditure was met by (a) the 
fees, (b) the grant? Answer to be given correct to one decimal place. 


65. In Ontario 47 out of 129 schools are free, and the aggregate 
school fees amount to 15 per cent. of the total receipts. The receipts 
from other sources being taken to be the same in all schools, how much 
per cent. of the average receipts from fee schools are due to fees? (s.A.) 


66. If} of § of the population be taken as the total number of children 
who should be on the registers of elementary schools, how many children 
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should be found attending such schools in a parish containing 9065 
persons, allowing 15 per cent. for unavoidable absences ? (P.T.) 


67. Of the children attending school in Switzerland, 71°7 per cent. 
speak German only, 22-4 speak French only, 4:5 speak Italian only, and 
the remainder consists of 5838 children who speak only Romansch. 
Find the total number of children attending school. (L.M.) 


68. The percentages of actual to possible passes obtained at ex- 
amination by the scholars of a public elementary school in reading, 
writing, and arithmetic were 95, 89, 87 respectively ; the total number 
of passes was 813. Find the number examined. (K.S.) 


69. At a recent examination every candidate took French or Latin : 
75°8 per cent. took French, and 49:4 per cent. took Latin. If the whole 
number of candidates was 2500, how many took both French and Latin ? 

(C.M.) 


70. In a mixed school, 20 per cent. of the scholars are infants under 
7, and the number of girls above 7 is 3 the number of boys above 7, and 
amounts to 64. Find the number of scholars in the school. (P.T.) 


71. Supposing an arithmetic paper to be done by 5000 candidates, 
of whom j,, are girls and the rest boys, and supposing 20 per cent. of the 
girls and 10 per cent. of the boys to fail, find what percentage of the 
whole number will succeed in passing. (C.W.S.) 


Problems on Proportional Parts. 


72. Three persons, A, B, and C, send 55, 70, and 75 sheep re- 
spectively to a field of grass, the rent of which is £30. What percentage 
of the rent should each pay? (P.T.) 


73. A sum of Rs.3000 is to be divided among A, B, and ©, so that B 
shall have 100 per cent. more than A, and C 50 per cent. more than B. 
What will each receive if 10 per cent. of the money be first given to a 
local charity? (P.T.) 


74. A man lends money at 20 per cent., but in consequence of bad 
debts he only makes a profit on the whole of 8 per cent. What is the 
proportion of his bad debts to the whole sum of money he lends? (C.H.L.) 


75. A man divided his property amongst his three sons in the pro- 
portion of 2, %, and 3. What percentage of the property did they 
respectively get ? (Correct to two places of decimals.) (P.T.) 


76. A legacy of Rs.12000 is left to A, B, and C. After they have paid 
legacy duty of 15 per cent., A receives twice as much as B, and B three 
times as much as C. What are their respective shares? (S.A.) 


Problems on Population. 


77. If the annual increase in the population of a state is 25 per 
thousand, and the present number of inhabitants is 2624000, what will 
the population be in three years’ time? and what was it a year ago ? 

(R.M.A.) 


78. The populations of the upper and lower parts of a town were 
equal, and after the former had fallen 20 per cent., and the latter risen 
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15 per cent., the total number of inhabitants was 39390. What was the 
population of each part at first? (P.z.A.) 


79. The population of a town has increased 1 per cent. in a given 
interval ; but if it had now been 50 less than itis, there would have been 
a decrease of 1 per cent. Find the original population. (c.P.) 


80. The population of London is 4500000. The annual excess of 
births above deaths is 10 per thousand per annum. What will be the 
population in four years’ time if the birth rate and death rate per 
thousand per annum continue unaltered? (c.w.) 


81. In a colonial town 28 per cent. of the inhabitants were born in 
HKurope, and the rest were born in the colony. Of the former, 4 are of 
British origin, and of the latter, 81 persons are of British origin. 
What is the total number of inhabitants of the town if 18 per cent. of 
them are of British origin? (c.s.) 


82. If in 1871, when 702201 tons of sugar were consumed in the 
United Kingdom, the consumption was 49-93 Ibs. per head, and the 
corresponding numbers for 1881 were 989208 tons and 62°77 lbs. per 
head, find to the nearest whole number the increase per cent. in the 
population during the interval. (c.H.L.) 


Miscellaneous Problems. 


83. Show that, if the rats in a parish increase in number by 50 per 
cent. per annum, they will, after an interval of 8 yrs., be more than 
25 times as numerous as they were. (c.P.) 

84. Supposing that the duty on spirits was 6s. 8d. per gallon, and that 
10740000 gals. were consumed, find how the revenue would be affected 
if the duty had increased 30 per cent., whilst the consumption was 
reduced 3 per cent. (C.s.) 

85. A publisher, when he sells a certain book at 13 copies for the 
price of a dozen, gains £7 1s. 8d. on 100 copies; but when he sells it at 
25 copies for the price of 24, gains 107% per cent. on the cost. Find the 
cost and the selling price of each copy. (GC.P.) 


86. A gentleman receives through his agent an income of Rs.360. 
His agent deducts 23 per cent. for agency, and also income-tax calculated 
at a certain number of pies for each rupee, both calculated on the gross 
income; he remits Rs.341 10as. What is the income-tax in the rupee ? 


87. A farmer lost 125 beasts by disease, their average value being 
£17 10s. 8d. From the county rate he received an amount equal to 
56 per cent. of his loss, and his landlord made him an allowance which 
covered one-fourth of the remainder. To what extent did the farmer 
suffer ? (0.R.) 

88. I buy a horse with ‘5 of my money, and sell it again so as to gain 
15 per cent. I now invest all but 15s. of what I got for the horse in 
3 cows, one of which dying, I sell the remainder for £96, thus losing 
20 per cent. How much had I before buying the horse ? (P.T.) 


89. If pure gold is worth £4 5s. per ounce, and silver is worth 
ds. 6d. an ounce, what would be the weight of'a 15s. piece containing 
92°5 per cent. of value pure gold and the rest silver? What would be 
the weight of the piece if 92:5 per cent. of weight be substituted for 
92'5 per cent. of value? (P.T.) 
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90. A fishmonger buys a certain quantity of fish ; 21 per cent. 
becomes worthless before it can be sold, and 14 per cent. has to be sold 
at 2 of its cost price. At what rate per cent. profit must the rest be sold 
so that upon the whole 50 per cent. may be gained on the original 
purchase? (C..) 


91. A tradesman marks his goods at a price which will give him 
25 per cent. profit, and he takes off 123 per cent. from the marked price 
for ready money. If an article marked Rs.315 is sold at the reduced 
price, find (1) what he gets for it; (2) what he gave for it; and (3) what 
rate per cent. profit on his outlay he still makes. 


92. A gas meter, after being used 96 days, registers 11280 c. ft. as 
the consumption. The meter 73 then tested, and found to register 17°5 
per cent. in excess of the gas actually consumed. Find the amount that 
ought to be charged at 3s. 9d. per 1000 c. ft., and the average cost per 
night. (C.8.) 


93. A city footway 123 ft. wide requires a quarter of a million of 
6-in. tiles to lay it down. What is the length of the footway, and what 
should a contractor be paid in order to gain 10 per cent. on the job, if 
the tiles cost 18s. 107d., and the labour, etc., 7 of that amount per 
square yard? (P.T.) 

94, In a certain year the total value of the exports from the 
Presidency of Madras showed an increase of 12'5 per cent. as compared 
with the total value of the exports for the previous year. Of the 
various items of export, coffee, which in the first of these two years 
represented 13°59 per cent. of the total value of the exports, showed an 
increase of 7°5 per cent. What percentage did coffee represent of the 
total value of the exports in the second of the two years ? (M.U.) 


95. A square cistern is 24 ft. broad and 3 ft. deep. It is full of 
water. All the water is allowed to run over a rectangular water-tight 
yard 20 ft. by 15 ft. There the water completely freezes, and the ice is 
found to be 2, of an inch thick. Find by what percentage of its volume 
the water has increased by freezing. (P.T-) 


96. A manufacturer sells matches to a wholesale dealer, the dealer 
supplies them to a retail shopkeeper, and the shopkeeper sells to the 
public 12 boxes, each containing 60 matches, for 23d. lf the net profits 
of each vendor are 10 per cent. of his receipts, what is the cost of pro- 
duction to the manufacturer per million matches, inclusive of boxes and 
all other incidental expenses ? (0.J.) 


97. Atradesman, who professed to sell his goods at 25 per cent. under 
cost price, explained that what he called cost price was in reality 30 per 
cent. above it, and that he expected to clear 5 per cent. profit. Find (1) 
what percentage he really gained or lost ; (2) what was the amount of 
gain or loss on goods which he sold for £92 12s. 6d. (c.M.) 


98. A miner was receiving 5s. a day for 4% days’ work per week. 
When his wages were increased 40 per cent. he worked only 34 days per 
week. If now 10 were taken off this advance of 40 per cent., he would 
work 4 days per week, and if 25 were taken off, 45 days. Find the 
weekly wages received in the four cases. (C.H.L.) 


99. In 1896 the working expenses of a certain railway amounted to 
50°8 per cent, of the gross earnings, and the net earnings to 4°41 per 
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cent. of the total capital expenditure. In the same year the working 
expenses of another railway amounted to 54:9 per cent. of the gross 
earnings, and the net earnings to 5°25 per cent. of the total capital ex- 
penditure. If the total capital expenditure on the former railway was 
1222°5 lakhs of rupees, and if the gross earnings of the latter were four- 
fifths of the gross earnings of the former, what was the total capital 
outlay on the latter? (.v.) 


100. The expense attending the production of a book, the retail price 
of which is 7s, 6d., is 2s. 44d. per copy. The publisher allows the 
bookseller 25 per cent. on the retail price, and gives 13 copies to ths 
dozen ; 3900 copies are printed and sold. The author is to have half 
the profits. How much will he receive? (cs.) 


CHAPTER XXIX. 
COMMISSION, BROKERAGE, INSURANCE. 


Commission.—Commission is a percentage on the price 
paid for goods. A commission 1s paid to an Agent, who is a 
person engaged in the purchase or sale of goods for another. 

Brokerage.—This is the commission of a special kind of 
agent called a Broker. As a rule he receives smaller per- 
centages than an agent. The broker's chief business lies in 
the purchase or sale of Stock, in Bills of Exchange, etc. 

Discount.—This is an allowance made by merchants and 
tradesmen for cash payments. It is different from what 1s 
usually understood in arithmetic by “ discount,” as there is no 
reference to time. Cash payment excludes the idea of time. 

Insurance.—This is a system by which people protect 
themselves from loss or damage due to various causes. It is a 
contract of indemnity against loss or damage. 


The Insurance Company agrees to pay a certain sum in case of loss 
or damage to the person insured, who, on his part, agrees to make an 
annual payment of a certain sum to the company. 


Underwriter is a special name given to Marine Insurers. 


Policy.—The contract or mutual agreement. It is the legal 
document which secures the insured person, or policy-holder, from loss. 

The Sum insured, or Claim.—'The amount payable by the Insur- 
ance Company in the event of loss or damage. 

Premium.—This is the sum paid for insurance. It may be single 
or annual, but it is generally the latter. It is a certain percentage on 
the estimated value. The amount of the annual payment, or the rate 
of the percentage, depends on various conditions, such as— 


1. The nature and value of the property insured. 

2. The amount of risk to which it is exposed. 

3. The age, health, and occupation (in Life Assurance) of the person 
insured. 


Covered Insurance.—A man may insure not only against loss, but 
also to cover the valuc of his premiums and any other expenses he 
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may have been put to in connection with his insurance. He pays a 
slightly larger premium, and his policy is then said to be covered. 


Method of Work.—The rule is merely an application 
of proportion, or it may be considered as an application of 
percentages, which rule itself is one of the many applications of 
proportion. 


Commission. 


Example. traveller obtains orders to the value of £780 15s., 
and he receives commission at the rate of 24 %. What does his 
conumssion amount to ? 


By proportion— 
£100 : £7802 :: £23: x 
_ ¢ 3123 x 5 SS Batos) Ss > Al ji 
4e == 4x 2x 100 = ies = £19 10s. Aid, Ans. 
By practice— 
me peee lt. 
z| 780 15 0 = commission at 100% 
2 
| 1561210; 0 ese ee, 200° 
390 7 6 = oe 50S 
100) 1961 176 5, 12507 
1910 44 = see bY 


25 fo) 

Hees 10s. 43d. 
To find Commission. Rule.—Multiply the amount 

by the rate per cent. and divide by 100. 


Since a commission isa percentage, the method of working is the same 
as in percentages. 


Premium. 


Example.— What annual premiums should a person pay to insure 
his life for £875, at £3 7s. 6d. per cent. ? 


£100 : £875 :: £3 7s 6d.: 2 


875 X 33 
1 9no e £29 10s. Tid. Ans. 


To find Premium. Rule.—The rule is practically the 
same as that for commission. 


eS 


Covered Insurance. 


Example.— What sum should be insured at £3 7s. 6d. per cent. on 
goods worth £2319, in order to recover in case of loss the premium as 
well as the value of the goods 2 
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If premium + value = £100, then, since the premium is £38, the value 
will be £96%. 
Hence £96% : £2319 :: £100: x 
3 


oe QBi9 x 100 x 8 _ 
Ce ec | oem “ea £2400 Ans. 


To find Covered Insurance. Rule— 


1. Subtract the rate per cent. from 100. (100 — 38) 
92 

2. Divide the total value by this amount. (=) 

3. Multiply the quotient by 100. : 


Or, more briefly— 


Divide the total value by 1 — : = =e 


Note.—Young students often misstate this type of problem. The usual 
error is to add the rate to £100 instead of subtracting it. They forget that 
the £100 includes the total value +- the premium as the amount to be paid 
on, i.e. they make, in this case, per cent. to mean £1032 instead of £100. 
The amount actually recovered on £100, after the premium has been 
allowed for, is £100 — £33, or £963. 


EXERCISE XLVI. 


Commission, Insurance. 


1. What is the premium on a policy of insurance for £9626 11s. 3d. 
at £2 12s. per cent.? (C.S.) 


2 A house worth Rs.11200 is insured for 8 of its value at Rs.2} per 
Rs.100. How much is the annual premium ? 


3 A farmer insured his crops at the rate of 6d. per acre, and calculated 
that the produce of his 55 ac. would be worth £550. The value of the 
crops fell short of his estimate by 25 per cent. What percentage of 
their actual value did he pay in insurance? (P.T.) 


4. The cost of 14560 qrs. of oats at 27s. per quarter, together with the 
dealer’s commission (reckoned on the cost of the oats), amounted to 
£19901 14s. At what rate per cent. was the commission charged by the 
dealer? (P.P.) 


5. The annual premium on a fire insurance is £18 5s. 3d., the duty 
charged on it will be £19 17s. 101d. How much per cent. of the premium 
is the duty? (0.5.L.) 


6. A person aged 40 next birthday can assure £5 at death by an 
annual payment of 3s. 3d. to the Post Office, and £8 16s. by a weekly 
payment of 2d. to an ‘nsurance office. Show that the rate of premium 
charged by the insurance office is 1, higher than that of the Post Office. 

(C.Ww.) 
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7. Make out a bill for the following goods shipped to New York, 
together with the charges upon them: Irish linen, 475 yds. at 3s. 4d. per 
yard; black cloth, 37 yds. at £1 Os. 6d. per yard. Charges: packing, 
£1 19s. 1d.; shipping, £4 7s. 8d.; insurance and commission on £130 
at 24 per cent. (C.J.) 


8. A person has } of a ship worth £6600, and insures for 91:25 per 
cent. of its real value. What amount of damage would he sustain in case 
of the ship being lost? (P.7.) 


9. Aman pays for insurance on his life 15 per cent. on his gross 
income, and after paying income-tax on remainder at 4 pies in the rupee 
he has Rs.1173 8as. left. What is his gross income ? 


Covered Insurance. 


10. For what sum should goods worth £4384 Os. 3d. be insured at 
£2 6s. 8d. per cent. that the owner may recover in case of loss the value 
of both goods and premium ? 


11. For what sum must 1 insure goods worth Rs.8754 lan. at 2} per 
cent., so that in case of loss their value and the premium may be both 
repaid ? 

12. A merchant insures a ship and cargo for £15320 at a premium of 
4% per cent. to cover value of ship and costs of insurance. Find the 
premium paid, and the value of ship and cargo. (c.w.) 


13. A ship value Rs.13775 is insured at 5 per cent. on such a sum 
that the owner in case of loss may receive both the value of the ship 
and the amount of the insurance. For what sum must it be insured ? 


14. A man insures to the value of £445 6s. 8d. on goods, the rate of 
insurance being 43 per cent. Losing the goods by an accident, he finds 
that he recovers both their actual value and the premium paid. What 
was their actual value? (c.s.) 


15. For what amount must goods worth Rs.3517 8as. be insured at 
2; per cent., so that in case of loss the value of the goods and the 
premium may be recovered? [Find to nearest rupee.] 


16. For what sum must a ship worth £2000 be insured at £3 15s. per 
cent., so that in case of loss her cost and also the premium of insurance 
may both be recovered? (R.U.1.) 


Miscellaneous. 


17. What would it cost to convey 144 mi. at the rate of 5s. per ton 
per mile (insurance being demanded at } per cent.) a box, weighing itself 
33 lbs., and containing 1050 rings, each weighing 1 dwt. 4 grs., and each 
being worth £1 2s.? (p.t.) 


18. A shipowner, insuring a certain steamer for £17000, paid 
insurance 2% guins. per cent., policy £} per cent., brokerage £3 per 
cent., commission £1} per cent. She received damage to the extent of 
£3750. What sum should the shipowner recover after deducting ex- 
penses of insurance, and allowing 2, per cent. discount on the — 

(P.0. 


19. A sub-collector receives 10 per cent. of the collector’s commission 


= 
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after 45 per cent. of it has been deducted for office expenses. The 
collector’s commission is 1} per cent. on a ratable value of £33000. 
What will the sub-collector receive ? (c.w.) 


20. I can make a profit of 25 per cent. My agent can make a profit 


of 30 per cent., but charges me a commission of 44 per cent. on all returns. 
How much more profit do I make in selling what costs me £1000 than I 


obtain if my agent sells it? (c.M.) 


21. A man spent ! of his income on the education of his children, 7,in 
wages, ; in rent, paid income-tax of 8d. in the &, and rates of 3s. 9d. in 
the & on his rental, paid in insurance £120, and household expenses £8 
a week. He recovered from the Inland Revenue the income-tax on £150 
and on his insurance, and had then £154 5s. remaining. What was his 
income? (C.W.) 

22. A commission agent offers to take either 2% per cent. on the 
money passing through his hands, or } of the net profits of his sales. 
The sales amount to £300000, of which 35 per cent. produce no profit ; 
but the remainder realize a profit of 10} per cent. What difference will 
it make to the agent which of his offers his customers accept? (P.7-) 


CHAPTER XXX. 
SIMPLE INTEREST. 


Terms defined. 


1. Interest.—Interest is a money payment for the use of 
money which has been lent. It is always a percentage of the 
sum lent, and it is paid quarterly, half-yearly, or annually. 

2. Principal.—This is the name given to the loan or sum 
of money which is lent. 

It is sometimes called Capital, but the term is not a good one, as 
‘* capital’? may include much more than “ principal.” 

3. Rate.—The rate is the number of pounds sterling paid 
for the use of each £100 of the money lent, and consequently 
it is called the rate per cent. 

The usual symbol for rate per cent. is %. 


4. Time.—tThe time is the period for which the money is 
lent. ‘The rate per cent. is usually expressed as so much per 
annum. 

The words per annum are sometimes omitted, but, unless otherwise 
stated, they should always be understood. 

5. Amount.—The amount for any given time is the prin- 
cipal plus the whole of the interest for that time. 


Classes of Problems.—In all problems in simple interest four 
quantities have to be considered, viz. (1) Interest (or Amount); 
(2) Principal; (8) Rate; and (4) Time. If any three of these are 
given the fourth can be found. Hence four cases arise— 


1. Where interest or amount has to be found. 


» principal 2 5 
3e 99 time ” 29 
4. ” rate 29 9 


There is one apparent exception, when the three given quantities are 
amount, principal, and interest ; but since A = P +I, two quantities only 
are really given. 
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To find Interest. 


Let P= principal; I= interest; S.I.=simple interest; ¢= time in 
years; r = rate per cent. ; A = amount. 
Example—Find the S.J. on £587 10s. 6d. for Th yrs. at 34 % per 


annum. 
Using the unitary method we have— 
The I on £100 for 1 yr. is £35 


3 
99 £1 9? ” £100 
1 


+. the I on £587 10s. 6d. for 1 yr. ise, x £587 10s. 6d. 


L 
and the I on £587 10s. 6d. for 75 yrs. is Tg X se x £587 10s. 6d. 
3 


Pat SS oats KE 


ae — £493521 — £154 4s, 62d. 


Ans. £154 4s. 6,%d. 


It will be observed that P, 7, and ¢ have been multiplied together, 
and the product divided by 100. Hence we have the following :— 


Rule—(1) Multiply rate and time together. 
(2) Multiply P by the product. 
(3) Divide the result by 100. 


We may express this by the formula— 
Fa P Xr 
100 
It is generally sufficient if interest is calculated to the nearest penny Or 
to the nearest pie, and in that case if we work decimally our work need 


only be correct to three places of decimals. 
Using the formula and working the above example decimally, we have— 


rah X71 Xt = £5-87525 x 35 x 75 
100 


587525 20°5633 
3+5 7:5 
17-6257 143'9431 
5 =: 4| 29376 5 = 4) 10-2816 
20°5633 154:2247 


Hence the answer, correct to three places of decimals, is £164°225 
— £154 4s. 6d., correct to the nearest penny. 


To find the Amount. 


We have A = P +I, hence all that need be done is to find I and add it 
to the principal. 
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We have the relations— 


LP ree Biss is oth 
T= 4 and A=P+1=P{1+ as 


Hence, if we are given any three of the four quantities P, A, 7, t, or P,I,r, 
and t we can find the remaining one: 


Example.— What sum of money put out at SL. Jor 3h yrs. at 44% 
will amount to £1497 4s. 1d. 2 


Here we are given A, r and ¢ and we want to find P- 


4s. Id. = 49d. 
is r Xt) 20 | 49 
A=PhL4 TS} 12 | B45 
20416 
“4s. ld. = £20416 
‘ 4°25 
”. £1497°20416 = oy kee apes 3°50 
= P{:14875} 12°75 
2-195 
14°875 
Se a, 114875)149720416°6 . . . (13033 
« p — gl 40t20416 348454 
: 1°14875 382916 
= £13031 Ans. 382916 


Example.—In what time will £500 amount to £650 at 4 % per 
annum ? 
rxt 


sees 4 
Pee e100 
: At 

650 = 5004 1+ 705 
650 = 500+ 20 


150 = 20¢ 
..¢ = 73, Ans. 74 years. 


Time with given Dates.—The day on which the money 
is paid must be included, but not tho day on which it is lent; 
e.g. if money were lent on March 19th and paid back on 
December 6th, March 19th Would not be included, because the 
borrower would not have had the use of the money for 1 day 
until the 20th of March; de. in counting, the first day is 
omitted. 


Example—TFind the S.J. on £251 5s. from June 15th, 1902, to 
August 27th, 1903, at 34 % per annum. 


Days from 16 vi. 02 to 27 viii. °03 = 15 + 31 + 27 + 365 = 438 days 


1 
hence I required = £2514 x —* x 438 
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¥ 
201 r 
— ¢ (OUR x WO XK BRS _ 6201 = £10 Is. 
Tx Bx LUX BR EF 
Non ie 
Ans. £10 1s. 
In the above example the quantities cancel out easily. Had they not 
done so, it would have been advisable to get 73000 as a divisor, e.g. in this 
case this could have been done by dividing both numerator and denomi- 
nator by 6. 
1005 X 10x 438 — 1005 x 10x 73 _ 1005 x 10 x 73 
4x3 x 100 x 365° 2x 100.X 365 — 73000 
Time given in Days.—If the time is given in days, we can 
multiply by the number of dayg and divide by 365 x 100. This is 
exactly the same thing as doubling the rate and dividing by 73000, 
for 73000 = 365'x 100 x 2. This leads us to Hunter’s device for 
dealing with 73000 as a divisor, an artifice which is generally known 
as— 


The 3rd, roth, and roth Rule. 


Example—VFind the 8.1. on £2187 10s. for 219 days at 44 7% per 
annum. (C.8.) 


Working this in the usual way we have— 


219 
4-25 x 219 oe 
ens ok AE ee, ee 
Lie BAIOUS X 309 368 1752 
eeepieT sx 22X29 ay me 
73,000 1861°5 
» . 1:8615 
= £2187°5 x 73 2187°5000 
— £55781 a 
= £55 15s. Td. Ans. 2187°5000 
' 1750°0 
131°25 
2°1875 
1°0937 


73)40720312(55°781 
422 


570 
593 
91 


To apply Hunter’s rule we need to work as far as stage (A) above. 
From the working it is clear that— 


3| 4072031 
biR1- 19| 1357344 
alla 10| 135734 
73,000 13573 

= £55°784 i 
55°78682 
ot a 00557 


5578125 
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The statement of the working of the rule is as follows :— 

1. Find the interest in the form of a fraction of which 73,000 is 
the denominator. If there be any decimal places in the numerator 
they may be ignored. In the example given we take 4072081. 

2. We then take the numerator (4072031), and add 4 of itself to 
it; 35 of this third, and again 51, of this latter quotient. 

3. Add the quantities thus obtained, and divide the result by 
100000; 7.e. move the decimal point 5 places to the left. 

4. From the amount thus obtained subtract zg455 part. The 
result will be correct to three places of decimals. 


Reason for deduction in 4 above. 


73000 It will be noted that divisor 73000 and 
% | 243333 dividend 4072031 have been multiplied re- 
3) | 24335 spectively by 1+4-+ 34+ 3545: as a con- 
t) 2434 sequence the quotient is not altered in 
value, but the denominator, 73000, has 

100010 been changed to 100010. But we divided 

the new numerator by 100000, and not by 

100010. Hence the divisor being too small 

by about zy}57 Of itself, the quotient is too great by about +545, of itself. 

It will be noticed that this deduction is about 4d. for every £10. In this 

example the number of pounds is 55, and so 5 xX id., i.e. lid. has to be 
deducted. 

This method of working this type of problem is adopted because it is 
easy to take 3, -y, and ;4 of certain quantities, and to divide the result by 
100000. ; 

Note.—If the number of days for which interest is required happens to 
be an aliquot part of 365, then such problems may often be more simply 
worked by the ordinary rule. For this purpose it should be noted that 
73, 146, 219, 292 days become 3%, 448, 242, 222 of a year, or 3, 2, 3, 4 of a 
year. 


To find Rate. 


Example At what rate per cent. SJ. will £225 amount to 
£256 10s. in 4 yrs. ? 


Total I = £2561 — £225 = £314 
Tat1% for 4 yrs. on £225 = £225 x 4 
225 x 4 


then £700 : £314.::1% : rate required 


3:5 
324 x2 _ WOX EL _ 5,» 
225 x 4 ae a 


.. rate = 
Ans. 3%. 


Example.— At what rate per cent. S.J. will a swum of money double 
itself in 20 yrs. 2 


By formula. 

PXrxt 
100 

_ 100 XI _ 100 x 100 


: ae (eo) 
Px? 100x290 =5% Ans 


Since I = 
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The Case in which I is paid Half-yearly or 
Quarterly. 
1. Half-yearly.—Halve the rate and double 
the time. Then proceed 
2. Quarterly —Divide the rate by 4 and (%%,im oTinery 
quadruple the time. 
e.g. 8 % for 6 yrs. paid half-yearly is the same as 4 % for 10 yrs. © 
8 ¥ for 6 yrs. paid quarterly is the same as 2 % for 20 yrs. 
Some other Examples. 
Example.— At what rate per cent. will the I on £474 15s. become 
£80 17s. 6d. in 3h yrs. ? 
Work by decimals. 


474°75 1661625) 80°87500(4°867 . . . 
3 14 41000 
1 11700 
1424-25 12002 
4| 237:375 371 
1661-625 
and 1661:625 -- 100 = 16°61625  ., rate = 4867... . = 4% (nearly) 


Ans. 4% (nearly). 


Example.— What is the least number of years for which S.1. must 
be reckoned at 4 % on £105 2s. 6d., so that the I may be an exact 
number of pounds ? 


£105 2s. 6d. = £105°125 
S.I. on £105°125 for 1 yr. at 4% = ss x £105°125 = £4°205 


Number of years required = smallest number by which £4°205 can be 
multiplied to make the product a whole number. 
Now, 4°205 X 2 = 8°41) (decimal places reduced by 1) 
and 8°41 x 100 = 841 (a whole number) 


hence number of years = 2 X 100 = 200 
Ans. 200. 


Example.— Take another case. Let the swum be £500 12s. 6d., and 
the rate at 5 %. 
Then £500 12s. 6d. = £500°625 
S.1. on £500°625 for 1 yr. at 5 % = gy X £500°625 = £25-03125 
Now, 25°03125 x 2 = 60:0625) (number of decimal places 1 less) 
and 50°0625 X2= 1001250 _,, i % is 
y, 100°125 x 2 = 200°25) - PS is 9 
*, 20025 x 2 = 400°) ‘ < 
‘3 400°5 X 2 = 801 (a whole number) 
hence number of years =2X2X2xX2xX2= 32 
Ans. 32 yrs. 


Some Special Percentages.—Time and space may be 
economized by a knowledge of these. 


5 for 


5%, = rhs = ds, and this means either £5 on 100 per year, or 100s. on 
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£100 per year, or ls. on £1 per year,.or ld. per £1 per month. At 5 % per 
annum take ls. for every £l,-and ld. for every 20d. 


Example.— What is the S.I. on £320 6s. 8d. for 1 yr. at 5 %? 
I = 320s. + 4d. = £16 0s. 4d. Ans. 
Example.—Find S.1. on £1356 18s. 4d. at 5 % for 1 mth. 
T = 1366¢. = 1133. £0 1352 Ans. 


If the answer be required to the nearest 1d., add 1d. to the answer, as 
13s. 4d. is more than half of £1. The answer then would be £5 13s, 1d. 


Example.—Find the S.1. on £50 10s. for 4 mths. at 5 %. 


S07 a= 200d, — 168. 8d. | The I of £1 at 5 % for 1 
In this case we consider the mths io. for 2 mths, = 
pounds as pence, and multiply | 2d., for 4 mths. 4d., ete. 
by the number of months. 

21 9/ 
23 /o 


21 % = 585 = gy, which is equivalent to 6d. per £1 per yeas, or 
4d. per £1 per ant. 


6 ¥% for a Given Number 5e Months.—Multiply the sum by half 
the number of months and divide the result by £100. 


Example.—find the S.1. on £200 for 10 months at 6 %. 


_ -200 X 5 6 % per annum = 10s. % per month, and 
I= ~—T00 al? therefore 10s. X 10 or 100s., or £5 ¥ for 10 
months. 


The 6 % rule can be conveniently applied to other Bee Gntatcas C9. — 
for 4 7%, find I at 6 % and deduct 4 of result 
for 3 as ” 9 29 : 2° 

3% for Half-year.—Take 1} times the given sum and divide the 

result by 100. 

Example.—Tind the S.I. on £800 for 4 yr. at 3 %. 

300 + 150 
100 
Many other simple cases will be readily perceived by the student; 

€.9.— 


I=£ = £450 = £41 Ans, 


13% = [09 = too = ve = viv = 3d. in the £ 

88% = 199 = th == ate =O.” 

64% = aot = aify = ds = sy = 16d. o 1s. 3d. in the £ 
63% = igh = vos = te = Hy = 16d, or ls. 4d. : 
eee or ls. 6d. ES 


Sis a = = = ibs — soo = = 20d. or ls. 8d. °° 
Other cases will suggest themselves, like 10 %, 124 %, 15 7, 20 %, ete. 
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THEORY. 


1. What is meant by interest, and how is it generally calculated ? 
(c.w.) 


2. Explain fully the meaning of principal, per cent., and amount, 
as applied to simple interest. (P.T.) 

8. What in common language is the rate per cent. when it is 
expressed by the decimal -045? (B.M.c.) 

4. Show the shortest method of calculating mentally the interest on 
£360 for 146 days at 1} per cent. per annum. (C.W.) 


5. Prove the rule for finding the simple interest of a given sum at 
a given rate per cent. per annum (£275 for 3 years at 7 per cent. per 
annum). (K.S.) 


6. Work a sum in simple interest by the method of proportion, so as 
to show the truth of the shortened process which is commonly em- 
ployed. (K.S.) : 

7. Give, with an example, the rule for shortening the following 
process: Finding the interest on money for yearsand months at 23 per 
cent. (C.W.) 


8. If in simple interest £P=the principal, n=the number of years, 
r=rate per cent., £I=simple interest, establish formule for calculating 
either principal, time, rate per cent., or interest, the other three being: 
given. (P.T.) 


9. Is the amount of a given sum, at a given rate per cent. of simple 
interest, proportional to the time? (P.T.) 


10. A boy thinks that if £120 is the amount of a sum of money 
invested at 4 per cent. simple interest for 2 yrs., then £240 must be the 
amount at 8 per cent. for the same time. Why is this wrong? (P.T.) 


11. How do you deal with “time” in problems in interest when 
dates are given? Give an example. “ 


12. What is the “third, tenth, and tenth rule?” Explain it fully, 
and give the reason for the rule. 


EXERCISE XLVII. 
SimpLE INTEREST. 


[ Note.—Except where otherwise stated, work examples correct to the 
nearest penny or pie as the case may be.] 


To find Interest. 
Find the simple interest on— 
1. £325 10s. for 4 yrs. at 54 per cent. 
2. Rs.6405 4as. for 24 years at 44 per cent. 
3. £650 for 8 mths, at 4 per cent. 
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4. Find the simple interest on Rs.11000 for 4'4 yrs. at 3°15 per cent. 


©. Find by decimals the interest on £358 6s, 8d. for 23 yrs. at 24 
per cent. per annum. (C.S.) 


6. A, B, and C are partners. The sums deposited by A and B 
amount together to Rs.138500, and those by B and C amount together 
to Rs.24000. If the entire capital is Rs.83000 what is the interest 
each one is entitled to at 4 per cent. ? 


7. Ifa bank pays 123 per cent. dividend, what interest should I get 
by purchasing £0 shares for £12 5s.? (P.T-) 


To find Principal. 


8. What sum must be lent at simple interest, at 23 per cent. per 


* half-year, to amount in 4 yrs. to £2360? (P.7.) 


9. The interest on a sum of money comes to :£202°5 in 12 years at 
45 per cent. simple interest. Find the thousandth part of the 


‘ principal. (P.7.) 


10. If I borrow Rs.2632 8as. for 10 mths. when money is worth 5 per 
cent., how much must I lend in return for 12 mths. when money is 
worth 3% per cent. ? 


11. What sum at 3} per cent. simple interest will amount between 
March 24 and August 16 (both days included) to £1818 4s. ? (v.1.) 


12. The simple interest on a certain sum for 9 mths., at 5 per cent. 
per annum, is Rs.150 less than the simple interest on the same sum 
for 15 mths. at 4 per cent. per annum. Find the principal. 


13. A man invested two equal sums, and received interest on them 
at the rates of 84 and 12 per cent. respectively. At the end of 18 mths. 
he had received £255 interest. What sums did he invest? (p.7.) 


14. A tradesman, who commenced business 5% yrs. ago, increased 
his capital at the rate of 15 per cent. per annum simple interest, and it 
now amounts to £5960. What sum did he start with? (e.1.) 


15. A man increased his capital annually } part, and at the end 


of 4 yrs. one year’s interest thereon at 43 per cent. amounted to 
Rs,1350, What capital did he start with? (®.7.) 


To find Amount. 


16. Find the amount of £485 10s. in 52 yrs. at 32 per cent. per 
annum simple interest. («.s.) : 


17. What will Rs.43848 5as. 4p. amount to if put out at simple 
interest at 4 per cent. per annum for 32 yrs.? From your result 
deduce the amount at 1 per cent. for 17 yr. 

18. If £7833 6s. 8d. amount to £8587 5s. 10d. in 82 yrs., what will 
£9400 amount to in 5} yrs. at the same rate per cent. per annum 
simple interest ? (C.P.) 

19. A sum of Rs.1250 was borrowed on April 1 and repaid on 


August 25 of the same year with interest at 32 per cent. per annum. 
What sum had to be paid? (c.8.L.) 
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20. A sum of £2954 3s. 4d. is deposited at a bank on June 15, the 
bank allowing interest at the rate of 2 per cent. per annum till 
August 27, and afterwards at the rate of 1} per cent. If the deposit 
is withdrawn on November 8, what amount will the bank pay? (c.H.L.) 


To find Rate. 


21. The amount of £337 10s. in 34 yrs. is £384 15s. What is the 
rate per cent.? (P.T.) 


22. At what rate per cent. per annum simple interest will 32as. 
produce Rs.2 10as. in 33} yrs. ? 


23. A sum of money has doubled itself in 16 yrs. at simple interest. 
What is the rate per cent.? (K.s8.) 


24. A certain sum of money at simple interest amounts to 
Rs.414 6as. in 3 yrs., and to Rs.440 10as. in 5 yrs. Find the sum 
and the rate of interest. 


25. If the simple interest on £3138 3s. 6d. exceeds that on 
£2762 18s. 6d. by £7 Os. 93d. in 3 mths., what is the rate of interest 
per cent. per annum?  (C.S.) 


26. The annual dividend on certain shares is 13 per cent. Find the 
rate at which a man who pays Rs.15 for a Rs.5 share receives interest 
on the money he invests in such shares. 


27. £317 16s. lent January 1, 1890, becomes £397 5s. at the end of 
1893, and £476 14s. at the end of 1897. What is the rate per cent. ? 
(P.E.A.) 


28. The gross rental of an estate is £13500, and deductions arising 
from rates and taxes at 3s. in the £ and interest on a mortgage of £3000 
amount to 16 per cent. of this rental. What is the rate of interest paid 
on the mortgage? (P.E.A.) 


To find Time. 


29. In what time will £350 amount to £392 at 4 per cent. per 
annum simple interest? (K.S.) 


30, The rate of interest in a savings bank is 2} per cent. per annum. 
A man deposits Rs.180, and on withdrawing the same he finds that his 
interest is Rs.92 4as. For how long was the money deposited ? 


31. In what time will a sum of money be doubled at 1} per cent. 
simple interest? (kK.s.) 


32. A is indebted to B in the sum of £1050, and to C in the sum of 
£1175. In how many years will the debts be equal, B’s debt increasing 
at 5 per cent., and O’s at 4 per cent. per annum simple interest ? (¢.M.) 


33. If Rs.100 be placed at interest at 5 per cent., and the interest 
be added to the principal evcry 20 yrs., in how many years will it 
atnount to Rs.1000? (P.T.) 


_ 84, What is the least number of years for which simple interest 
must be reckoned at 4 per cent. on £145 7s. 6d., so that the interest 
may be an exact number of pounds? (P.7.) 
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Miscellaneous Examples. 


35. A tradesman marks his goods with two prices, one for ready 
money and the other for credit of six months. What fixed proportion 
ought the two prices to bear to each other, allowing 5 per cent. simple 
interest ? (K.s.) 


86. Divide £2075 into two such sums that if the first be put out at 
simple interest for 5 yrs. at 8} per cent., and the second for 4 yrs. at 
3 per cent., the interest of the first sum shall be double that of the 
second. (C.S8.) 


87. A dealer purchases goods on January 1 for Rs.80, and receives 
Rs.90 for them on March 1. With this he trades again, and receives 
Rs.180 on July 1. What was his gain per cent. for the half-year ? 


38. A business was paying regularly 7 per cent. per annum; it was 
extended by increasing the capital by one-half, and after that it paid 
regularly 6 per cent. perannum. What was the return per cent. on the 
new capital? (.M.) 


39. Rs.3000 are lent on condition that Rs.500 be repaid at the end 
of each successive year, with 1 per cent. interest on that year’s debt. 
How long will any of this debt remain, and what interest will the lender 
receive during the whole time ? 


40. I deposit £350 on April 10 in a bank paying interest at 3 per 
cent. per annum ; on May 15 the interest fell to 25 per cent., on June 30 
to 2 per cent., and on October 8 it rose to 23 per cent. Find, to the 
nearest penny, the interest due on November 7 in the same year. (C.S.) 


41. On January 1, 1870, a contractor borrowed a sum of money at 
5 per cent. simple interest. At the end of a year’the rate of interest is 
reduced to 43 per cent. The total amount of interest paid up to the 
end of 1875 was Rs.1760. What was the sum borrowed ? 


42. A person obtained a loan at 6 per cent. per annum simple 
interest, but being unable to pay the debt at the appointed time, the 
loan was continued for 8 mths. more at 10 per cent. per annum. The 
interest for the whole time would have been, but for the increased 
rate, £7 2s. less than what it was. Find the amount of the loan. (1.1.) 


43. Exactly three years ago a man borrowed £1875 from a bank at 
4 per cent. per annum. At the end of a year he paid the interest for 
that year and part of the loan, altogether £450. Similarly, he paid £650 
at the end of the second year. What sum must he now pay to clear off 
the debt? (c.P.) 


44. A sum of money was invested for 4 yrs., interest payable 
annually. The rate of interest was 5 per cent. per annum for the first 
two years, and 4 per cent. for the last two; and the amount at the end 
of 4 years was £1164 10s. 88d. What was the sum invested? (M.U.) 


45. Find, to the nearest pound, how much money must be invested 
at 6 per cent. per annum in order that the amount to which it accumu- 
lates at the end of 3 yrs. may be the same as the joint amount of £1000 
invested at 22 per cent., and £1000 at 34 per cent. (L.M.) 


46. At the time of his bankruptcy a bankrupt paid his creditors 
9as. 9p. in the rupee, and 7 yrs. later he paid them the remainder, 
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increased by simple interest on the remainder for 7 yrs. at 4 per cent. 
per annum. How much was received by a creditor to whom the bank- 
rupt at the time of his bankruptcy owed Rs.1783 ? 


47. A sum of money having been lent at 8? per cent. per annum for 
3 yrs., the time is afterwards extended for 6 mths., at 5 per cent. per 
annum, and the amount to be paid in the end, in consequence of the 
advanced rate of interest, is increased by £1 12s. Find the sum lent, 
and the whole amount of the interest paid. (c.s.) 


48. A sum of Rs.1200 is invested so as to produce a certain rate of 
interest, and Rs.1600 is invested so as to produce a rate 1} per cent. per 
annum higher than the other. It is found that the yearly income from 
the latter investment is double of that from the former. Find the yearly 
income arising from each. (C.S.L.) 


CHAPTER XXXI. 
COMPOUND INTEREST. 


Compound Interest.—In 8.I.* interest is paid periodically 
on the principal, and the principal is a constant quantity. In 
C.I., interest is not paid out periodically, but is added to the 
principal, so that the principal is a variable quantity, the 
amount at the end of one year becoming the principal of 
the next ; thus S.I. is merely interest on the original principal, 
whereas C.J. is interest on a growing principal, i.e. it is interest 
on (principal + interest). 

The justice of this is obvious. If interest is not paid, it is practically 
retained as a loan, and, like the principal (which is a loan), it should have 
interest paid upon it at the agreed rate. 

Method of Work.—A problem in C.I. is really a series 
of problems in 8.I., just as a problem in compound proportion 
is a series of problems in simple proportion. 

We may work by either of the following methods :— 


1. Method of division or practice. 
2. Method of multiplication or indices. 


The Method of Division or Practice. 


Rule— 

1. Take the original P. and find the I. on it at the given rate for 
Tey 
2. Add this I. to the P. The amount is the P. for the second year. 

3. Find the I. on this new P., and again add the I. to its P. The 
amount will be the third year’s P. 

4. Continue this until the amount for the last period has been 
found. 

d. If A. is required, this will be the answer; but if I. is wanted, 
subtract the first P. from the last A., and the difference will be the 
answer required. 


-Example.—Tind the C.1. on £500 10s. at 5 % for 22 yrs. 


* §.I. = simple interest. 
C.I. = compound interest. 
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Take aliquot parts of £100 for the rate. 
Then 5 % for 1 yr. = 785 or dy of P. 
and 5 % for } yt. = 24 % for 1 yr. = gy of P. 


£ 
gy of P. | 500°5 = P. for first year 
25°025 ed grea A 
ay 525-525 = P. for second year 
. 26°27625 ad [2 . ” 
zp |551°80125 = P. for third year 


13° 79503126 = I. for } year 


§65°59628125 = A. for 24 years 
500°5 = P. for first year See 


65°09628125 = C.I. for 24 years 
20 


19256250 
12 


11°1075QQ Ans. £65 1s. 11°1075d. 


Note.—The C.I. may also be obtained by adding together the several 
interests for the respective periods; e.g.— 
First period, ; year = £25°025 
second _,, i, = £26-27626 
third _,, H = £13-79503125 
Total = £65°09628125 
Note.—Four places of decimals are ordinarily sufficient. 
The respective interests cannot always be found by the aid of one 
aliquot part only. Sometimes two or more are necessary. 


Example.—Find the A. of £1600 in 8 yrs. at 54% CL. 


£ 
i 1600 = P. for first year 
51 5% =a 80 oT 
eee af oe 
1684 = P for second year 
35 84-2 
—I 
dy Of oy 4°21 i oe . Z 
1772°41 = P. for third year 
gy| 88°6205)\ _ I 
By of ay 4:°4310 —_— 9? ? 
1865°4615 =A, ‘ gf 
20 
9°2300 
12 


2°76 
Ans. £1865 9s. 3d. to the nearest penny. 
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A little ingenuity may sometimes be required to decompose the rate 
into its aliquot parts; eg. 23 %. 


23% = (b+ 4) L= as + (es of dy 


The Method of Multiplication.—We will work example (p. 302) 
by this methed. 


A. of £1 for 1 yr. at 5% = £1-05. 
£500°5 = P. for first year 
1:05 = A. of £1 for 1 yr. 
25025 
50050 


525°525 = P. for second year 
1:05 = A. of £1 for I yr. 


2627625 

5255250 
551°80125 = P. for third year 
1-025 = A. of £1 for 4 yr. 


275900625 
110360250 
551801250 


565°59628125 = A. for 24 yrs. 
500°5 = P. for first year 


6509628125 = C.I. for 23 yrs. 


Ans. £65 1s. 11:1075d. 
Rule— 


1. Find the A. of £1 for 1 yr. at the given rate. 
2. Multiply the P. by this amount, and the product will be the A. 
for the first year, or the P. for the second year. 


3. Multiply the new P. by the same multiplier, and the product 
will be the P. for the third year. 


4, Proceed thus until all the periods (or years) are exhausted, and 
the last product will be the A. required. 


Reason for Rule. 


£100 amounts to £105 at the end of the year 
nS £1 > L105 cy) 99 2° 
and the A of any sum at 5 % in 1 yr. = 195 of that sum 
Similarly, the A. for the second year = 195 of the A. for the first year 
.. the A. of any sum at 5 % for 2 yrs. = 128 of 195 of that sum, and so on. 


If the time be 3 yrs., and the amount £500, then the A. of £500 for 3 yrs. 
at 5 ¥ will be— 


198 of 195 of 195 of £500 ie 
or by decimals 1:05 x 1:05 x 1:05 x £500 ¥ 


or more briefly in statement (1:05)3 x £500 


The Use of Decimals in C.I.—Vulgar Fractions 
often give trouble in the solution of problems in ©.1., hence 
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the use of decimals is recommended, and especially so when 
C.I. or A. is required for more than two periods. Their use is 
advantageous for the following reasons :— 


1. Labour and space are saved, for the multiplication by the rate 
and the division by 100 can be done simultaneously, and that, too, 
without writing down the multiplier. 

2. The I. is thus obtained in each case in a position convenient for 
its addition to the P. 

_8. As a rule, not more than 4 places need be retained in the 
working, unless special exactitude is required, for, since £0001 is less 
than 75 of a farthing, 4 places will give the answer correct to farthings, 
and 3 to pence. 


Many principals, especially those producing recurring decimals, are not 
advantageously treated by decimals. 

Note.—A review of the two methods shows the Practice Method, where 
available, to be the better. It is neater and shorter, many of the usual 
rates being easy aliquot parts of 100. 


The Use of Formule. 


Let A = amount at the end of the given time ; 
sek = principal ; 
» RK =amount of £1 for 1 yr. at the given rate ; 
» = time in years. 
Then A for l yr. = P 
‘and A for 2 yrs. = P = 
and A for 3 yrs. =P X RX RX R = PR? 
and A forn yrs. =PXRX...ntimes= PR” 
fA es we ale ES) 


from (i.) we can deduce the following rules :— 


A a 
| oe Rn (i3.) 
Rt = = (ili.) 
ny & . 
Kes oA ee ek Se ee (iv.) 


The use of formulx is handy for practice, but it offers little or no mental 
training. 


To find the Amount for a Large Number of 
Periods. 


Example.—Vind the amount at C.I. of £700 at £10 % for 8 yrs. 


A = PR®= £700°* (1:1) 
Now, (1°1)? = 1:21 
and (1°1)* or (1°21)? = 1°4644 
and (1°1)* or (1°4641)? = 2°14358881 
«. A= £700 X 2°14358881 = £1500°612187 
= £1500 10s. 3d. (nearly) 
Ans. £1500 10s. 3d. (nearly). 
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Note.—(1) Such methods can be used only for periods which are 
multiples of 2 or 3 or both; i.e. where it is possible te 
solve by square or cubic measure. 

(2) For a large number of periods it is best to use logarithms. 


Rule.— To jind the amount for any number of periods. 


1. Find the A. of £1 at the given rate for the first period. 
2. Raise this to the power expressed by the number of periods. 
3. Multiply the product by the given P. 


To find the Amount for Periods less than a Year.—The process 
of finding the C.I. for 1 yr. at 5 % payable quarterly is the same, in 
practice, as finding the C.I. for 4 years at 11 %; ce. the time is 
multiplied by 4 (4 quarters in a year), and the rate is divided by 4. 


: Example.—find the Cl. of £55 for 1 yr., payable quarterly at 
5% perannum. (L.M.) 
it uA = of 100, and 4 = °0125 
Hence A. of £1 for 1 yr. at 14 Y = £1°0125 
(1:0125)# = 1:0509 
and £1°0509 x 55 = £57°799 
hence C.I. = £57°799 — £55 = £2°799 
= £2 15s. 11°76d. 
Ans. £2 15s. 11°76d. 


To find Principal. 
I. Given A., R., and T. 


Example.— What sum will amount to £565°59628125 in 25 yrs. 
at 5 % compound interest 2 


(1) Find the amount of £100 for the given time at the given rate per cent. 
Amount of £100 for 24 yrs. @ 5 % = £113°00625 


(2) State as aproportion, thus— 


A. of £100 for given time and rate : A. given :: £100: P. 
£113°00625 : £565°59628125 :: £100: P. 
565°59628125 x 100 
: 113°00625 ee 


Ans. £500 10s. 
II. Given I., R., and T. 


Example.— What P. will produce £1698°5856 compound interest 
in 4 yrs. at 4%? 


(1) Find the C.I. on £1 for given time at given rate. 
A. of £1 for 4 yrs. @ 4 % = £(1°04)* =£1°16985856 
Ionfl ,,4 ,, @ 4% =£'16985856 

(2) State a proportion thus— 


I. on £1 for given time at given rate : given interest :: £1: P. 
£°16985856 : £1698°5856 :: £1: P. e 
P = £10000 
Ans. £10000. 
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To find Rate.—This involves a knowledge of evolution. 
Rates for certain periods* lend themselves to solution by 
Arithmetic, but to find any root (the mth root) demands a 
knowledge of Logarithms. 


I. Given P., A., and T. 

Example. At what rate per cent. will £500 amount to £551°25 in 
2 yrs. 2 

By formula (p. 305)— 


eee (2561-725 je 
ee ee ma = VEL 1025 = £1°05 


Then the A. of £1 for 1 yr. = £1°05 — 
and ae SIQ0e5y 7 2105 
eerate=— 6 / Ans. 


II. Given P., I., and T. 


1. We may add the I. to the P., get the A., and proceed as 


above; or— 
2. We may proceed as follows :— 


I. on £500 for 2 yrs. = £51°25 
my ieee S| ee gO N'29 — '5-1095 
500 
Then: la 450 


1025 of P. 
arid Avon seis 1°1025 of P. 
“, 1:1025 = second power of A. at end of first year 
and »/{-1025 = 1:05 = A. at end of first year. 
Then, since the A. of £1 for 1 yr. = £1°05 
’, the A. of £100 for 1 yr. = £105 
hence rate = 5% 


ll 


Ans. 5 %. 


To find Time. | 
Example.—Jn what time will £500 10s.amount to £565 1s. 11:1075d. 
at5 %? 
; £565 1s. 11°1075d. = £565°59628125 


Find the amount of £500 10s. for successive years at the given rate per 
cent. until an amount approximating to £565°59628125 is obtained. 


a 

P. for first year 500°5 

ies we 9 ~~ 20°020 

P. ,, second ,, 525°525 

ae ys. . 26°27626 

P. ,, third ,, 5651°80125 The last amount is too large, 

aoe, 4, - ZI Beoveu being greater than the given A. 
—-— The time, therefore, must lie 
579°3913125 between 2 and 3 yrs. 


* Such periods are some power of 2 or 3, or they may be the produots 
of such powers. 


- 
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It is now required to find a fraction of a year for which, at the given 
rate, the I. on £551°80125 is— 


£565°59628125 — £551°80125, or £13°79503125 


1x 100 _ £13-79503125 x 100__, 
PXR  £551°801285 x5 ~~? 
*, total time = 24 yrs. Ans. 


Now, = yr. 


The Time necessary for a Sum of Money to 
double itself.—Observation shows that the number of years 
in which any given sum of money will double itself at 
compound interest can be roughly obtained by dividing 7 Os 
by the given rate, ¢.g.— 


(1) At 31 %, 703 + 33 = a yrs. 
(2) At 4 “y 704 oA 178 yrs., and so on. 


To find the P., the Difference between S.I. Be 
C.I. being given. 


Example.—The C.I. ona certain sum for 8 yrs. at 5 % per annum 
is £7 12s, 67. more than the SI. Find the sum. 


A. of £1 in 3 yrs. at 5 % C.I. =(1°05)5 = £1157625 
C.I. on £1 for 3 yrs. at 5 fp = £157625 
and 8.1. on £1 for 3 yrs. at 57 = 38 X £065 = 215 
hence difference = £°157625 — £°15 = £°007625 
.. on a P. of £1 the difference in the I. is £:007625 
If, on a principal of £1, the difference in the interest is £:007625, what is 
the principal when the difference in interest is £7 12s. 6d. ? 
£:007625 : £7°625 :: £1 :; required principal 
required principal = gee = £1000 


Ans. £1000. 


THEORY. 


1. Define compound interest, and show how it differs from simple 
interest. 


2. What advantages, if any, arise in the solution of problems in 
compound interest by the use of decimals ? 


3. Write out the rule for finding the compound interest of a given 
sum for a given time at a given rate per cent., (a) by the method of 
division ; (b) by the method of multiplication. 


4, Write down the formule for finding the amount, the principal, the 
rate per cent., and the time in years, and show how each is derived. 
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EXERCISE XLVIII 
COMPOUND INTEREST. 
To find Interest or Amount, 


Find the compound interest on— ah 
1. 23275 at 2% per cent.) for . Rs.8456 at 4 per cent. for 


3 yrs. (C.P.) 3 yrs. 
ry 8. £1024 at 5 per cent. for 4.. Rs.50000 at 2? per cent. for 
8 yrs. (0.B.) 3 yrs. 


Find the amount of — 
5. £1302 1s. 8d. in 3 yrs. at 6. Rs.976 Yas. in 4 yrs. at 4 per 
6 per cent. (C.PR.) cent. 


Find the exact compound interest on— 

7. £3976 for 2 yrs. at 4 per 8. Rs.1250 for 4 yrs. Ad per 
cent. (K.S.) cent. 

Find to the nearest penny or pie the compound interest on— ° 

9. £625 4s. for 3 yrs. at 4 per 10. Rs.7692 l4das. for 3 yrs. 
cent. (K.s.)™ at 24 per cent. 

Find to the nearest penny or pie the amount of— Pa 

11. £1425 for 3 yrs. at 4 per 12. Rs.4750 for 3 yrs. at 33 per 
cent. (C.P.) cent. 

Find the compound interest, neglecting fractions of a penny or pie, on— 

13. £23782 in 24 yrs. at 43 per 14. Rs.3165 in 3 yrs. at 43 per 
cent. (C.P.) cent. 

Find the amount, neglecting fractions of a penny or pie, of— 

15. £4175 for 3 yrs. at 23 per 16. Rs.4875 for 3 yrs. at 83 per 
cent. (C.8.) cent. 

Find compound interest, payable half-yearly, on— 

17. £100000 in 24 yrs. at 33 per 18. Rs.410 in 24 yrs. at 43 per 
cent. (C.PR.) cent. 

Find the amount, interest being payable half-yearly, on— 

19. £6510 8s. 4d. in 1} yr. at 20. Rs.512 in 13 yr. at 23 per 
8 per cent. (K.S.) cent. 


21. What sum put out for 14 yr. at 4 per cent. compound interest, 
payable half-yearly, will amount to £6632 11s. ? (K.8.8.) 


22. Find the amount of £1000 at the end of 3 yrs. at compound 


interest at the rate of 4 per cent. per annum, payable quarterly. Deduce 
the amount at the end of 6 yrs. (C.H.L.) hag 


co .,4 A 

23. Find the compound interest (correct to the nearest farthing}of 
£1000 for 1 yr., interest being payable quarterly, at the rate of 4 per 
cent, per annum, (C.S.L.) 


/ 24, By how much does the compound interest on Rs.78125 for 2 yrs. 
at 4/per cent. per annum, payable half-yearly, exceed the compound 
interest. on the same sum at the same rate’per cent; per annum, payable 
yearly ? 


25. Find the exact difference between the compound interest of £500, 
L 
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reckoned half-yearly, at £1 19s. 3d. per cent. per half-year, and the 
interest on the same sum at 4 per cent. per annum at the end of 1 yr. 
(c.w.) 


To find the Difference between Simple and Compound Interest. 


26. By what amount does the compound interest on £195 6s. 3d, for 
3 yrs. at 4 per cent. per annum exceed the simple interest on the same 
sum for 2 yrs. at 61 per cent. per annum? (C.P.) 


27. What sum of money put out at 43 per cent. simple interest for 
2 yrs. will increase to Rs.5450? If the interest had been compound, 
what would have been the ultimate amount ? 


28. Show that the amount of £700 at 10 per cent. per annum com- 
pound interest will in 8 yrs. exceed the amount of £1000 at 5 per cent. 
per annum simple interest. (C.M.) 


29» Distinguish between simple and compound interest. What 
differerice will it make at the end of 8 yrs. to an investor of Rs.1500 at 
41 per cent. per annum, whether he has put out his money on the former 
6r the latter kind of interest ? 


30. What is the compound interest to the nearest penny on 
£83 14s. 7d. in 7 yrs. at the rate of 3 per cent. per annum? How much 
does thig compound interest exceed the simple interest in the same 
time on this principal at the same rate per cent.? (R.M.A.) 


81. Find the amount of £512 in 14 yr. at 23 per cent. per annum— 
first, at simple interest ; secondly, at compound interest, supposing that 
the interest due is added at the end of each half-year. (Fractions of a 
penny may be neglected.) (S.x.) 


32. The difference between the simple and compound interest on a 
certain sum of money for 8 yrs. at 5 per cent. is Rs.183 Tas. What is 
that sum of money ? 


To find Principal. 


33. A certain sum of money placed out at simple interest for 8 yrs. 
at 54 per cent. per annum brings in £18 8s. 9d. more in the 3 yrs. than 
if if-were placed out at compound interest*for the same time at 5 per 
cent. per annum. Find the'sum. (C.s.) ta 


34. The compound interest on a certain sum for 2 yrs. at 4 per cent. 
per annum. is Rs.75 more than the simple interest for the same time 
at the same rate. What is the sum ? 

35. What sum will amount to £1 16s. 9d. in 2 yrs. at 5 per cent. per - 
annum compound interest? (K.8.) 

36. The compound interest on a sum of money for 2 yrs. at 5 per 
cent. exceeds the simple interest by Rs.10 8as. Find the sum of money. 

37. Whatsum will amount to £1591 13s. 2:16d. in 3 yrs. at compound 
interest, the interest for the first, second, and third years being 3, 2, and 
1 per cent. respectively? (C.8.L.) _ 

38. What sum of money at 5$}, per cent. per annum simple interest 
will produce in 15 yrs. the same amount of interest that £500 will produce 
in 3 yrs. at 5 per cent. per annum compound interest? (K.s.) 
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39. A and B invest equal sums; A invests at 5 per cent. compound 

- interest, payable yearly, and B invests at 54 per cent. simple interest. 

At the end of 8 yrs. the total received by B is€3 13s. 9d. moréthan that 
received by A, What was the sum invested? (c.s.) 


40. Whit sum of money would amount to £42998°1696 in 8 yrs. at 
20 per cent. per annum compound interest? (K.S.) 


5b To find Rate. 
f4. At what rate per cent. per annum compound interest will 
£166 13s. 4d. amount to £176 16s. 4d. in 2 yrs.? (c.Ww.) 


\ Migs At what rate per cent. compound interest does a sum of money 
become fourfold in 2 yrs.? (K.S.) 


43. A sum of money put out at compound interest amounts in 2 yrs. 
to £1760 8s. 4d., and in 8 yrs. to £1830 16s. 8d. Find the rate of 
interest and the original sum. (C.S.L.) 


44. The amounts at compound interest of a certain sum at the ends 
of two successive years are £9 8s. 9d. and £9 12s. 113d. What is the 
rate of interest per cent.? And if these years are the second and third, 
what was the sum lent? (C.w.) 


45. A sum of money is invested, and the interest at the end of the 
first year amounts to Rs.1056 4as. This is added to the principal, and 
the interest on the total at the end of the next year at the same rate 
amounts to Rs.1098 8as. Find the rate of interest and the original 
capital. , : 


48. The interest charged for the loan of a certain sum is £10 for 
1 yr., and £20 8s. for 2 yrs. Determine whether the interest is simple 
or compound, and also the rate per cent. (P..A.) 


47. (a) Distinguish between simple and compound interest. (b) In- 
terest being payable yearly, what is the rate per cent. if Rs.15 amounts 
in a year to Rs.18 12as.? And in the course of which year will a debt 
double itself at this rate of compound interest? (C.M.) 


48. A sum is invested at compound interest payable annually. The 
interest in two successive years was £112 10s. and £115 6s. 3d. Find 
the rate of interest and the value of the principal at the beginning of 
the first of these years. (C.W.) 


49. A’s capital exceeds B’s by #, of B’s capital. B puts his out at 
compound interest for 3 yrs. at 5 per cent. At what rate per cent, of 
simple interest must A put his out in order that at the end of 3 yrs. 
the two amounts may be the same? (C.8.) 


To find Time. 


50. Find in what time £160 will amount to £173 17s. 92d. at 4} per 
cent. per annum compound interest. (1.1.) 


; 31, In what time will £4000 amount to £8574 7s, 1:2576d. at 10 per 
cent. per annum compound interest? (K.S.) 


52. Find what is the first year in which a sum of money will become 
more than double in amount if put out at compound interest at the 
rate of 10 per cent. per annum. (C.8,) 
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53. What is the least number of complete years in which a sum of 
money, laid out at compound interest at the rate of 10 per cent. per 
annum, will amount to a sum more than twice the principal? Find, 
correct to the nearest penny, what £279 will amount to in ae oe 

C.S.L. 


Miscellaneous Problems. 


o4. A man saves £50 each year for 5 yrs., and invests it at the 
end of the year at 24 per cent. compound interest. Find the amount 
of his savings to the nearest penny at the end of the fourth year. (S.A.) 


55. The compound interest on a certain sum for 2 yrs. is Rs.5632, 
and the simple interest is Rs.5461 5as.4p. What is the sum, and what 
is the rate per cent. ? 


56. Interest being due yearly, the difference between the total 
simple interest and the total compound interest on a certain principal 
lent in each case for 2 yrs. at 34 per cent. is £12 5s. Find this 
principal. (x.s.) 

57. A man saves Rs.1000 at the end of each year, and allows his 


savings to accumulate at 4 per cent. per annum compound interest. 
How much is he worth at the end of 8 yrs. ? 


58. If I borrow £2000 at 73 per cent. compound interest, and pay 
off £800 at the end of the first year, and the same sum at the end of 
the second year, what will the remainder of my debt amount to at the 
end of 23 yrs. from the time of borrowing? (c.s.) 


59. If £3000 amounts to £5333 6s. 8d. in 10 yrs. at compound 
interest, what will £3000 amount to in half that time ? (C.Ww.) 


60. Find the compound interest on Rs.21500 for 3 yrs. at 5 per 
cent. A company obtain a loan from their bankers of Rs.21500 at 
5 per cent.; they do the same a year afterwards, and again a year after 
that. What will their whole debt be at the end of the third year, 
allowing compound interest on the first two loans ? 


61. A man buys a house on the conditions that he shall pay £500 
now, £500 one year hence, and £500 two years hence. What should be 
(to the nearest shilling) the cash value of the house, compound interest 
being reckoned at 3} per cent.? (u.M.) 


62, A sum of £6375 is to be divided between A and B, who are 
respectively 18 and 19 yrs. old, in such a way that, if their portions be 
invested at 4 per cent. per annum compound interest, they shall receiva 
equal amounts on reaching 21 yrs, of age. How must the sum be now 
divided, and how much will each receive when 21 yrs. old ? (I.1.) 


63. Calculate the compound interest for 3 yrs. on Rs. 375000 at the 
rate of 3 per cent. per annum. Assuming that money can be invested 
at such a rate that it will double itself at compound interest in 24 yrs. 
find to the nearest pound how much Bs.10000 will amount to in 
12 yrs, 


64. A dealer bought some pictures, and 2 yrs. afterwards sold them 
for Rs.357 4as. less than they cost, and thus received 16 per cent. less 
than the purchase money would have amounted to at 4 per cent. per 
annum compound interest. What sum did he give for the pictures ? 
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65. Instead of a payment of £8815 12s. 7d. at the end of 3 yrs. from 
the present time, it has been agreed that five equal sums shall be paid, 
one such sum at the end of each of five successive years from the 
present time. What should the annual payment be, if money is worth 
4 per cent. per annum and compound interest is reckoned ? (C.P.) 


66. A tenant is offered the rest of a lease of a house for the 5 yrs. 
it has to run at the rent of £16 a year, on paying down a premium of 
£150; but, as he can only pay down £50, he proposes to pay down that 
sum and an increased rent for the 5 yrs. What should the rent be to 
the nearest shilling, calculating compound interest at 5 per cent. on 
the unpaid premium? (G.P.) 


67. A sum of £5000 is lent on the condition that, if it is not repaid 
within a year, compound interest will be charged. The option is given 
of 5 per cent. interest throughout, or 24 per cent. for the first year, 5 
per cent. for the second year, 73 per cent. for the third year, and so on, 
the interest increasing by 24 per cent. every year. Show that, if the 
loan is repaid within 3 yrs., the latter system will be in favour of the 
borrower; and find the difference on the two systems if it be not paid 
off till the end of the fourth year. (C.8.) 


68. A testator bequeathed the sum of Rs.110223 in trust for his 
three infant daughters, A, B, and C, whose ages at his death were 
respectively 11, 13, and 15 yrs., and he directed his trustees to divide 
the money into three parts, so that at 3 per cent. compound interest, 
payable yearly, his daughters on respectively attaining their majority 
should become entitled to equal sums of money. Find the sums to be 
set aside for A, B, and C respectively to the nearest pound. (C.S.) 


69. A capitalist, having a sum of money to invest, places half ina 
bank which offers depositors 44 per cent. compound interest, added 
yearly to the deposits, and the other half in a bank which also allows 
compound interest, where the rate is 3 per cent. less, but the additions 
of interest are made every 6 mths. At the end of 2 yrs. he finds there 
is a difference of £249 16s. 34d. in the two accounts. Find the sum 
originally invested. (C.8.) 


CHAPTER XXXII. 


DISCOUNT ; 


Definition.—Discount is an abatement made for the prepay- 
ment of money; 7.¢. it is an allowance made for the payment 
of money before it is legally due. 


Supposing interest to be at the rate of 5 %, £105 due at the end of 
a year is now worth only £100, because £100 put out at interest for 
that time and at that rate would amount to £105. The present worth, 
therefore, of the £105 is £100, and the true discount is £5. 


True Discount.—This is also known as Real, Equitable, 
Mathematical, or Arithmetical Discount, and it is the difference 
between the sum due at some future time, and the present worth 
of that sum at an agreed rate of interest. 

Present Worth.—The present worth of a certain sum 
due at the end of a given time 7s that sum which, with its 
wmterest at the given rate, would amount exactly to the 
sum due. ‘True discount is thus the interest on the present 
worth. 


The nomenclature of Discount is somewhat unfortunate, as it is likely to 
be confusing after the use of similar terms in Interest. What is called 
Principal in Interest is known as the Present Worth in Discount, while Amount 
in Interest becomes Principal in Discount. 

These distinctions must be thoroughly grasped by the student, or he may 
fail to understand such a definition of Discount as the following :— 

“The difference between the Principal and the Amount of the Principal 
after a certain time and at a certain rate per cent. is called the Discount of 
the Amount for that time and at that rate.” 

These distinctions, however, are not universally observed. By some the 
Present Worth is called the Principal, and the given sum the Amount. 


To find Discount. 


Example.— Wind the true discount on £510, due 6 months hence at 
0 


0 
Interest on £100 for 6 months at 4 Y% = £2 


*, amount of £100 at end of 6 months at 4 % = £102 
Then the present worth of £102 due at the end of 6 months at 4% = £100, 


(e) 
Q 
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and by the definition given above, the true discount on £102 due at the end 
of 6 months at 4% = £2. Then if the true discount on £102 is £2, what is 
the true discount on £510? 

Sloe. £010 2:*£2".* Ds 


Bee 610 x oe 
*, D=£—s55- = #10 


Ans. £10. 


Rule.—(1) Let £100 represent a present worth. 
(2) Find the amount of £100 for the given time 
at the given rate per cent, 
(8) Then the amount — the present worth = the 
discount. 
_ (4) State the proportion as follows :— 


the amount of £100 : : 

Ee for the given time! . {the given) ., the discount : the discount 
at the given rate({* | sum >:) on that; : upon that 
per cent. amount sum 

By formula— 
5 cap doa B Axl 


= ioe ) =o Ete 


Note-—P = principal, in the sense in which it is used in discount ; 


A = amount in the sense in which it is used in interest; .. P = A in these 
senses (p. 314); and l=r X ¢; hence we have— 
Px<l AN Gi > 


100+71° 100+ @x7n) 


A study of the above statements will show that if the discount and 
two other elements be known, the fourth or remaining term can be 
found. It is important, however, to note that, although the discount is 
proportional to the amount or principal, it is not proportional to either 
the time or the rate; e.g. if the discount on a certain sum of money for 
a certain time at 5 % is £20, the discount on the same sum for the 
same time at 10 % is not £40, but a little less. The following examples 
will show the truth of this :— 


(1) The discount on £420 for | yr. at 5 % is £20, the proportional state- 
ment being— 
£105 ; £420 :: £5 : £20 


(2) The discount on £420 for 1 yr. at 10 ¥ is £38,7,, the statement being— 
£110 : £420 :: £10 : £387, 


To find Present Worth. 

I. The P.W. may be found by subtracting the D from the 
given principal (or amount). 

* Abbreviations used in this chapter: D (discount) ; P.W. (present 


worth); P.V. (present value); I (interest); P (principal) ; A (amount); ¢ 
(time) ; 7 (rate per cent.). 
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II. It may be found directly, by finding what sum will 
amount to the given sum in the given time and at the given 
rate; 7.¢. we may use the same method as that for finding 
the principal in interest, when the rate, time, and amount 
are given. 


Example.— What is the P.W. of £1456 10s. due 3 yrs. hence at 
44%? (u.M.) 
Interest on £100 for 3 yrs. at 44 % = £134 
amount of £100 at end of 3 yrs. at 44 % = £1134 


Then if the present value of £1134 is £100, what is the present value of 
£1456 10s. ? 


Amount or) . f amount or) .. : 
principal } : principal J‘! present value : present value 


GWgi >. = > £1456) ~~ eT O0 PY: De 
£14561 x 100 | a 
ee 1134 = £1283 5s. 288d. Ans. 

Banker’s Discount—The true discount with which we 
have been dealing has only a theoretical value. In practice 
discount is always reckoned as a percentage on the face value 
of the bill. In commercial and banking transactions discount 
always has this meaning, and is known as banker’s discount. 
It is also known as commercial discount, mercantile discount, 
practical discount, and false discount. 


The banker charges interest on the interest as well as on the 
present worth; 7.e. he charges interest on the future value, which is 
larger than the interest on the present value. 

As a rule, mercantile bills run for periods less than a year, and 
simple interest is then allowed. Strictly, if bills run for more than a 
year, compound interest should be charged; but in arithmetical 
problems this is not always adhered to. If compound interest is 
required, it is generally stated in the problem. 

Let us suppose a case. A man wishes to cash a bill, and so goes 

to a banker or bill discounter, who pays the face value of the bill less 
the discount. Now, this discount is not true discount, but banker’s 
discount or simple interest on the sum, and the banker gains by the 
process. 


Suppose the bill to be one for £5000, that it has to be paid by B in a 
year, and that the rate of interest is 5%. A wants money, so he goes toa 
banker, who pays him £4750, deducting £250 as discount. Now, note that 
the banker has deducted simple interest on £5000, and pays £4750 for a bill, 
the present value of which is £4761:9 ; sothat he takes as his discount £250, 
instead of the true discount, viz. £5000 — £761-9, or £238°1. He thus gains 
by the process £250 — £238'1, or £11°9. The banker’s gain is, then, the 
difference between the simple interest and the true discount. It may also 
be described as the simple interest on the true discount, for the banker 
calculates simple interest upon the face value, that is, upon the present value 
plus the true discount, instead of calculating upon the present value only. 


& 
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The Difference between Banker’s and True Dis- 
count.— 


I. To show that T.D.* is the I. on P.V. 
BV. gir T.D. = sum due, or face value (F.V.) 
But P.V. +1. on P.V. = sum due 
yo P.VeRTD. = P.V..4+1. on P.V. 
Po. — Lon P. Vi 


2. To show that B.D. — T.D. = I. on T.D. 
Sum due (F.V.) = P.V. + T.D. 
(i.)} But §.I. = 8.1. on P.V. + 8.1. on T.D. 
(ii;) and T.D.= 8:7]. on P.V. : % ; 
. 8.1. — T.D. = 8.I. on T.D. (subtracting (ii.) from (i.)) 
2c. B.De— ED. = 8.1.0on T.D. 
3. To show that T.D. is always less than S.I. 
(a) T.D. is I. on P.V. (proved above). 

and P.V. is always < sum due, or F.V. 
oe): on EV ..2.0s1 ep Oey eee oron bv. 
ter © DS. 1. 


* Abbreviations: T.D. (true discount) : B.D. (banker’s discount); 8.1. 
(simple interest); F.V. (face value). 


Days of Grace—A bill of exchange contains the date 
on which payment is legally due, but three days’ grace is 
allowed. If the last of the three days, however, should fall 
on a Sunday, the bill must be paid on the Saturday. If a bill 
is payable “‘on demand,” the 8 days’ grace is not allowed. 


Example.—4 bill for £6132 10s., drawn on March 14th and 
payable 9 months after dute, was discounted by a bunker on May 12th 
at 31%. How much did the banker yive for the bill? (c.8.1.) 


Dave The bill is due Dec. 17th. Hence D is to be allowed 
6 from May 12th to Dee. 17th, i.c. for 219 days. Then the 


May 3D on this Dill will be the S.J. on £61324 at 3} % for 219 


July 31 days. 4 
Aug. 31 VIN 
Sept. 30 £100 : £61321 :; 3 x 48:7 
Oct. 31 Th ROO ane 
Nov. 30 
Dec. 14 2453 
Days’ grace 3 _ FARRGR X39 cocaar 
a T= 3x 100 x wy 808 
219 4 
= £119 11s. 8A,d. 
.. price paid by banker = £61324 — £119 lls. 8,,d. 
= £6012 188. 34d. Ans. 


If the banker had paid T.D., his cash payment would have been 
£6015 4s. 0°847...d. The student might verify this. 


Tradesman’s Discount.—This is a mere reduction in price, and, 
strictly speaking, it is not discount. A man has to charge a bigher 


L 2 
@ 
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price for credit than for cash, and so he generally marks his goods at 
the credit price. The ready-money buyer simply gets this credit 
allowance removed, so that discount in this sense means simply the 
difference between the credit price and the cash price. 


To find Principal. 
1. Given ¢, 7, and the difference between I. and T.D. 


Example.— The difference between the S.I. and the T.D. on a 
certain sum of money due 2 yrs. hence at 5 % is £458. Pind the sum. 
Suppose the amount of the bill to be £100. 
Then §.1.=:2.x% 20=-210 
and T.D. = £199 x 10 = £199 = £94, 
.. difference between 8.I. and T.D. = £10 — £9, = £44 
”, sum required is found thus— 
£10: £46. :: £100: P 


5 
4%, X 100 _ RQ x 100 


Dae = £500 
at AQ 


Ans. £500. 


2. Given r different. 
Example.—The difference between the present worth of a sum at 
4% for 1 yr. and the same sum for the same time at 5 % ts £1 10s. 
Find the swm. 
Since P.V. at 4% of £104 = £100 
. P.V. of sum due 1 yr. hence at 4% = 192 = 3 Ss of surn due 
109 = 


had P.V. =e 3 = 5 Y = 109 of sum due 
By question (23 — 2%) of sum due = £14 
. (525 — 52 ) of yes 
tee (Si?) toon aeas 


of sum due = £3 


13 


ne aa 


3 21 
*, sum due = * x % > = £85° = £1633 


Ans. £163 16s. 
3. Given t, r, and T.D. 
Example.—On what sum of money is the T.D. for 12 yr. at 3% 
£150 ? 
By the Unitary Method— 


£5 is the T.D. for 20 months at 3 Y% on £105 
and £1 - 5 Be 3 £21 
*, £150 ~ ‘s 4 £21 x 150 
Ans. £3150. 
To find Time. 


1. Given T.D., P, and 7. 
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Example.— The T.D. on a bill for £3150 is £150, interest being 
charged at the rate of 3%. Find the time. 


P.V. = £3150 — £150 = £3000 


50 
100 x I x : 
and ¢ = os inaey = §0 = 12 yrs. 
30 


Ans. 12 yrs. 
If T.D., P, and 7 are known, the P.V. is known, and this may be treated 
as the Pin an interest question. The problem thus becomes, “‘In what 
time will the S.I. on £3000 at 3 % amount to £150?” 


2. Two different principals produce the same discount ; the time 
is known in one case : required to find it in the other. 


Example.—Jf £30 ts the T.D. on £1030 for 9 mths., for how long 
as £30 the T.D. on £1530 at the same rate 2 ° 
£30 is the T.D. on £1030 


~. £1000 is the true P.W. of £1030 
.. £30 is the I. on £1000 for 9 mths. at a certain rate 


. 1000 X%xXr 
4c, ——_—___——_ 


100 = 30 
* or 3000 X rate = 400 X 30 
4. 
rate = = wo =4% 
, \ 


Again, £30 is the T.D. on £1530 
.. £30 is the I. on £1500 at 4 % for an unknown time 


15 
then YQQQ x tx 4 30 
2.e. 60 X t = 30 
t= 38 = tyr. or 6 mths. 


Ans. 6 mths. 
It will be noticed that all the conditions in the first case are known 
except the rate. This is found. It is then used in the second case, the 


time thus being the only unknown element. Three terms being given 
(P, D, r), the fourth (t) is easily found. 


3. To find time, when B.D. and T.D. for different sums are 
equal. 7 
Example.—The B.D. on £1000 at 5 % ts the sane as the T.D. on 
£1100 for the same time at the same rate. Find the time. 
By question, I. on £1000 = T.D. on £1100 
= J. on (true P.V. of £1100) 
.. £1000 = true P.V. of £1100 


and. .". £100 = T.D. on £1100 
.. £100 = I. on £1000 at 5 Y for a certain time 
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To find Rate.—The method is similar to that for. finding 
time. fey. 
1. Given D, P, and ¢. 
Example.—Find the rate of interest, if the true discount on 
£339 3s. 4d., due 3 mths. hence, is £5 16s, 8d. (c.H.1..) 
LD; = £5 16s. 80. £5> 
.. P.W. = £3393 — £58 = £3331 


The problem then becomes: At what rate per cent. will £3334 yield £53 
interest in 3 mths. ? 


By formula— 
7 100 x 127 100. ee 


oP xi 38804 ee 


9 


Ans. 7 


O° 


2. Given T.D., B.D., and ¢, to find both sum and +. 


Example.— The true discount on a sum of money for 6 mths. is 
£12, and the banker’s discount for the same time at the same rate is 
£12 10s. What is the sum and what is the rate? 


(a) To find rate. 


moe. D. — T.D. = £124 —2iteee 
Now, B.D. — T.D. =I. on T.D. 
.. £5 —TI. on £12 for 6 mths. 
£12 X4xr . Sa 
5S ee ets ee 
v.€. £4 — 100 
and £4 x 100= £12 xi xr 
2100", 
jo te 
8i =r Ans. 83 7%. 
(6) To find sum. 
B.D. =I on P for given time and at given rate 

PX4x 84 

1S ee a eae E 
124 00 
Pr yce2s 
5 = 

ae £4 600 
5 x 600 
a= * =P x 25 
25 x 600 
d 2x 95. = P = £300 


Ans. £300. 


To find P.W. or D. at Compound Interest. 

It has already been pointed out that if bills run for more 
than a year, compound interest should be charged. Assurance 
companies calculate deferred payments in this way. The 
method is, however, similar to that for simple interest, for the 
relations do not change. We still have— 


P.W. + I. on P.W. = sum due 
or A. of P.W. in given time = sum due 
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1. To find P.W. or D. 


Example.—Find the P.W. and T.D. on £121550 12s. 6d. due 
4 yrs. hence at 5 % compound interesé. 


£5 = | 1:00 

“05 | 

is ee £1:21550626 ; £121550°625 :: £1: P.W. 

121550°625 

e 9 : 7 Sas nas 
0525 P.W. = £i-o7pR0g98 = 2100000 

sy | 11025 and D. = £121550°625 — £100000 
055125 = £21550°625 = £21550 12s. 6d. 

sy | 1°157625 Ans. (a) £100000 
05788125 (6) £21550 12s. 6d. 


1°21550625 
Amt. of £1 in 4 yrs. at 5 % 


Or we might have proceeded by formula. 


n 
. 
a=ex(1 4s , where P = P.V. 


121550-625 = P x (1+ 755)! = PX (498)! 
+, P = 121550°625 + (498)4 
121550625 
= £T-31550628 
Ans. £100000. 


Note.—Easy examples only can be worked in this way. For a greater 
number of years logarithms would have to be used. 


Example.—A man is to receive £300 a year for 8 ycars, and the 
first payment is to be made a year hence, the second at the end of the 
next year, and so on. fe elects to receive an immediate equivalent 
payment, the rate being 5% at CI. What sum will he receive, the 
answer being given to the nearest £? 

Required P.V. = ieee of P.V.’s of £300 due at the end of 1, 2, and 3 yrs. 
respectively. 
= £300 = (1°05) + £300 + (1:05)? + £300 + (1°05)3 
= £300 x {(488) + (488)?-+ 88)5} 
= £300 X (9523 + -9070 + °8639) 
= £300 X 2°7232 = £816°96 
= £817 nearly. Ans, £817. 


» THEORY. 


1. Define present worth, discount, and amount, giving simple 
examples to illustrate your definitions. (c.s.) 


2. Distinguish clearly between interest and discount. What is meant 
by (1) days of grace, (2) mercantile discount? Are there any exceptions 
to the days of grace ? 


322 ARITHMETIC 


3. Define true discount, with examples. Which is greater, the 
discount on a sum due in a certain time, or the simple interest on the 
sum for that time, the rate per cent. being the same? (K.S.) 


4, Distinguish between true discount and ordinary trade or banker’s 
discount. (C.W.) 

5. Explain the rule for finding the present value of a given sum, 
due after a given time, at a given rate per cent. simple interest. (C.w.) 

6. Show that banker’s discount equals true discount plus interest 
on the true discount. (C.w.) 


7. ‘Discount equals given sum legs present worth; present worth 
equals given sum less discount.” Explain and give an illustration of 
this statement. (C.w.) 


8. Explain what is meant by saying that discount is interest on the 
present worth. (C.PR.) | 


9. Show that the discount of any sum is the present worth of the 
interest on that sum for the same time and at the same rate. (C.S.) 


EXERCISE XLIX, 
_  DIscount. 
To find Discount. 


Find the true discount on— a 

. £1336 11s. 3d. for 33 yrs. at 5 per cent. per annum. 
. £210 12s. 1d. for 34 yrs. at 44 per cent. per annum. 
. Rs. 1683 12as. for } yr. at 5} per cent. per annum. 
. £555 for 17 mths. at 4% per cent. per annum. 
. £98 19s. 3d. for 12 yrs. at 5 per cent. per annum. 
. Find the discount on a bill for Rs.28280, due in 2 yrs. 146 days, ” "Ae 
at 5 per cent. per annum. & 

7. Find the true discount on £929 19s. 103d., due 6 mths. hence at ee 

3 per cent. per annum. (C.M.) . 


8. Determine the discount on a bill of £97 17s. 8d. fully due on 
November 7, and discounted on September 13, at 33 per cent. ‘per 
annum. (0.8.L.) 

9. Find the true discount on a bill for Rs.18195, due on June 19, 
at 6 mths., and discounted January 12, 1901, at 43 per cent. 

10. A bill for £900, drawn January 30, 1881, for 6 mths. is discounted 
March 9 at 5 per cent. What does the banker gain by the difference 
between true and commercial discount? (I.1.) 

11. What is the true discount on a bill for £1622 5s. drawn on 
February 4 at 10 mths., and discounted July 14 at 74% per cent. per 
annum, 3 days of grace being allowed? (C.M.S.) 

12. Find the discount on a bill for £2373, due 4 mths. hence, at» 
4 per cent. simple interest. What would be*the amount of the error, 
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in this case if interest. were taken instead of discount, and in whose 
favour would the error be? (p.T.) 

13. Find the difference between the simple interest on Rs.4612 8as. 
for 2 yrs. at 4 per cent. and the discount on the same sum due after 
2 yrs. at 4 per cent. 

14. The commercial discount on a sum due in 7 mths. at 3 per cent. 
per annum is £11 17s. 5d. What is the true discount? (c.P.) 

15. Find the true discount on £50 3s., due 6 mths. hence, at 4 per 
cent. (omitting days of grace). How much more than this would 
banker’s discount be? (C.P.) 


To find Present Value. 
Find the present worth or present value of— 
\ 16. £284 due}in 2 yts. at 3} per cent. per annum. 
17. £151 17s. 6d. due in 4 yrs. at 53 per cent. per annum, 
18. Rs.6560 due in 6 mths. at 5 per cent. per annum. : 
19. £121 5s. 6d. due in 3 mths. at 4} per cent. per annum. 
20. £675 2s. 6d. due in 3 yrs. at 4} per cent. per annum. ~ 


21. What is the present value of Rs.34200, due 4 yrs. hence, 
reckoning interest at 33 per cent. per annum ? 

22. If the present worth of £218, due 2 yrs. hence, be £200, what is 
the present worth of £1000 due 6 yrs. hence at the same rate? (C.S.L.) 

23. A person entitled to £2877 10s. 13d. in 23 yrs.’ time, discounts 
his expectation at 74 per cent. simple interest. What is the estimated 
present value? (c.8.) 

24. What is the true discount on £512 10s., due 2 yrs. 8 mths. hence,. 
at 31 per cent. per annum simple interest? Express your answer as. 
the decimal of the present value of the sum. (C.M.) 


25. Find the present value of a legacy of Rs.21000, payable on the 
death of a certain person whose probable duration of life is estimated 
at 10 yrs. (Money at 4 per cent. simple interest.) 


26. Find the present worth of £1868, payable as follows: £406 in 
3 mths., £618 in 6 mths., and the remainder in 11 mths., interest being 
at the rate of 6 per cent. per annum. (C.M.) 


27. If the price of goods be Rs.1711 3as., credit for 1 yr. being 
allowed, what is the true cash price, reckoning 43 per cent. simple 
interest per annum ? 

28. Find the value on March 1 of the expectation of a sum of 


£3724 10s. 5d., due November 30 the same year, the rate of interest 
being 5 per cent. per annum. (C.8.) 


29. Two bills for £456 5s. and £301 2s. 6d. are due on July 5 and 30 
respectively. Find their joint values on June 10, reckoning bankers’ 
discount at 5 per cent. (C.w.) 


30. If asum of £1000 becomes due 3 mths. hence, what is its present 
value as commonly calculated, and what as correctly calculated, interest 
being reckoned at 5 per cent.? (s.x.) 


324 ARITHMETIC 


To find Principal, Sum, or Amount. 


31. The true discount on a bill due 8 mths. hence at 24 per cent. is 
£176 14s. 8d. Find the amount of the bill. (x.s.) 


32. The commercial present worth of a sum due 219 days hence at 
5 per cent. is £499 11s. What is the sum, and what is its true present 
worth?  (1.1.) ) 


33. A man discounts a bill due 5 mths. hence, and finds that his 
banker gives him Rs.10 less than the theoretical present value of the 
bill. What was the amount for which the bill was drawn, the rate of 
discount being 2 per cent. ? 


34, The sum of the true discounts at 6 per cent. per annum and at 
4 per cent. per annum on a bill having 6 mths. to run is £1 less than the 
true discount at 5 per cent. per annum on# bill of twice the amount, 
which also has 6 mths. torun. Find the amount of the first bill. (1.1.) 


35. A person holding a bill due 30 days hence discounts it without 
the usual 8 days of grace at 43 per cent. per annum (true discount), and 
invests the proceeds at 5 per cent. interest per annum; he thereby gains 
Rs.5 10as. in the 80 days. Find the amount for which the bill was 
drawn. 


36. I am allowed 1} per cent. discount on an amount charged to me 
for goods received, and give my acceptance at 5 mths. for the net sum. 
By selling the goods immediately for a bill of £162 12s. 2d., payable at 
7 mths., my percentage of gain is 11} per cent. What was the amount 
originally charged to me, interest being calculated at 5 per cent.? (P.T.) 


37. A bill falls due in 6 mths. The creditor agrees to accept 
immediate payment of half, and to defer payment of the other half for 
lyr. He finds that by this arrangement, reckoning interest at 6 per 
cent. per annum, he gains 9s. What is the amount of the bill? (c.s.) 


88. The discount on a certain sum of money due at the end of a 
certain time is Rs.18700, and the interest on the same sum of money for 
the same time is Rs.24528 2as. 8p. What is the sum? 


89. A owes B asum of money, and offers to pay him immediately, 
subject to discount reckoned at 43 per cent., instead of at the end of 
2 yrs. when the debt is due. B can place out the money at 5 per cent. 
interest, and by that means will gain £36. What was the sum due? 

(C.w.) 


To find Twme. 


40. The true discount on a bill of £2440 7s., due at a given time at 
48% per cent., is £145 7s. When will the bill become due? (c.w.) 


41. If the interest on £253 2s. 6d. at 5 per cent. be equal to the 
discount on £257 6s. 103d. for the same time at the same rate, when is 
the latter sum due? (c.PR.) 


42. Received to-day (September 29) Rs.4565 for a debt of Rs.4907 6as., 
discount 5 per cent. per annum. When shculd the debt have been 
payable without discount ? 


43. The present worth of a sum of money due in 5 yrs. at 33 per cent, 
per annum simple interest is 3} per cent. less than the present worth of 
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an equal sum at 43 per cent. per annum simple interest. When is the 
latter sum due? (Cc.P.) 


44. The present values on May 1 of two bills drawn for the same 
amount were in the ratio of 4638 : 4639. Interest was reckoned in the 
case of the first bill at the rate of 44 per cent. per annum, and in the case 
of the second at the rate of 4 per cent. per annum. If the first was 
fully due on September 22 of the same year, when did the second 
become due? (C.S.) 


45. The discount upon Rs.2200, due at the end of a given number 
of years, is Rs.440. Find the interest upon the same sum (Rs.2200) for 
the same number of years and at the same rate of interest. Also 
determine the rate per cent. and the number of years, given that these 
are indicated by whole numbers greater than unity. 


To find Rate. 


46. The present worth of £1321 15s. due in 23 yrs. is £1244. Find 
the rate per cent. per annum simple interest. (K.8.) 


47. Find the rate of interest if the true discount on £339 3s. 4d. due 
3 mths. hence is £5 16s. 8d. (C.H.L.) 


48. A bank discounting a bill due 10 mths. hence deducts 4 per cent. 
from the total amount of the bill as discount. What rate of interest per 
annum does the bank get for its money? (C.M.) 


49. The interest on a certain sum of money for 2 yrs. is Rs.718 das, 
and the discount on the same sum for the same time is Rs.638 8as., 
simple interest being reckoned in both cases. Find the rate per cent. 
per annum, and the sum. 


50. If the true discount on £2696 13s. 4d. due 3 mths. hence is £30, 
what is the rate per cent. simple interest ? At what rate per cent. would 
the banker’s discount on the same sum for the same time be £30 6s. 9d. ? 

(C.8.) 


51. The interest on a certain sum for 10 yrs. is greater than the 
discount on the same sum due in 10 yrs. by one quarter of the discount. 
Find the rate per cent. per annum simple interest, which is the same in 
both cases. (C.P.) 


52. Find the true discount and the banker’s discount on Rs.10625 
due 16 mths. hence at 33 per cent. What is the rate per cent. for the 
aforesaid time when the banker’s discount exceeds the true'by }; of the 
latter ? 


53. Two tradesmen, A and B, have the same cash price for the same 
quantity of a certain commodity, but their credit prices are £26 5s. and 
£25 6s, 3d. respectively. The rate of mercantile discount for cash pay- 
ment allowed by A is half as large again as that allowed by B. What 
rate of discount is allowed by A? (c.P.) 


Discount at Compound Interest. 


54, Find the present value of £91 17s. 6d. due in 2 yrs. at 5 per cent. 
compound interest, (0.8.L.) 


| 
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55. Find the present value of Rs.845 due 2 yrs. hence, compound 
interest being reckoned at 4 per cent. per annum. 


56. Find the true present value of a debt of £3000 due 3 yrs. hence, 
reckoning compound interest at 5 per cent., and omitting fractions of a 
penny in the result. (C.u.L.) 


57. Find the difference between the amount of Rs.12050 put out for 
2 yrs. at 5 per cent. compound interest, and the present value of the 
same sum due 2 yrs. hence at 5 per cent. compound interest. 


58. If the compound interest on a certain sum of money for 2 yrs. at 
4 per cent. is £45 18s., what is the true discount on the same sum of 
money due 2 yrs. hence at simple interest at 4 per cent.? (C.s.) 


Miscellaneous Problems. 


59. A man bought a field, and gave a bill of £482 due in 2 mths. for 
it, and sold it at once for a bill of £509 5s. due in5mths. Required his 
gain per cent., reckoning interest at 2} per cent. per annum on the 
bills. (P.T.) 


60. The real cost of an article is 56 per cent. of the price at which 
it is marked forsale. It is, however, sold at a trade discount of 123 per 
cent. How much does the seller gain per cent.? (L.M.) 


61. A dealer sells 25 tons of coals at 19s. 2d. per ton, and allows 
5 per cent. discount for cash payment. If he had not allowed the dis- 
count his profit would have been 15 per cent. of his cutlay. Find what 
his profit per cent. is at the reduced price, and his whole gain on the 
quantity sold. (c.s.) 


62. A cargo was bought for £10282, payable 12 mths. hence, and 
was immediately sold again for £10712, payable 8 mths. hence. What 
was the gain per cent. on the value of the purchase-money, the rate of 
discount being 6 per cent. per annum? (C.M.) 


63. A lends B Rs.2400 on condition that at the end of 2 yrs. B will 
repay him Rs.2640 principal and interest. B finds that he can pay the 
money back at the end of a year, and A agrees to let him do so at a 
(true) discount of 4 per cent. per annum. Find to the nearest penny the 
sum that A receives, and the interest per cent. that A makes on his 
Rs.2400 for that one year. 


64. If a sum of Rs.23205, due a year hence, is to be paid off at once, 
and 5 per cent. discount is to be allowed, what difference will it make in 
the present payment if 5 per cent. of the whole is deducted instead of 
the true discount ? 


65. A discount house takes money on deposit and uses the money in 
discounting bills. It pays 4 per cent. per annum interest on the deposits, 
and makes 44 upon them. If the deposits average £10000000, what 
annual profit is made? (C.PR.) 


66. A gives B a bill for Rs.10351 8as. due 8 mths. hence in exchange 
for a bill for Rs.10759 due 16 mths. hence. If the true present values 
correspond to a rate of interest of 43 per cent. per annum, determine 
which of the parties to the transaction is the gainer, and by how much. 


67. The ready-money price of an article at a tradesman’s, who 
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allows mercantile discount in the ordinary way, for ready money is 
£8 11s., and the credit price is £9. What ought the credit price to be 
in order that, while charging the same ready-money price, he may 
allow twice the rate of discount? (P.T.) 


68. Find the present value of a bill for £6483 3s. 4d. due 3 mths. 
hence, the rate of interest being 3! per cent. per annum. A person 
holding such a bill disposes of it through an agent at the reduced rate 
of £100 for £106} of the nominal value, and the agent charges a com- 
mission of } per cent. on the purchase-money. What does the person 
receive? (C.S.) 


69. A master sends his clerk to pay bills to the amount of £177 7s. 6d., 
which are not due until a year after. He gives him the money for the 
purpose, deducting 74 per cent. true discount. The clerk gets tradesman’s 
discount to the extent of 10 per cent. on £89 19s. 2d., and 5 per cent. on. 
the rest of the bills. What profit is made by the clerk? (c.H.L.) 


CHAPTER XXXIII. 
STOCKS AND SHARES. 


Stock.—Stock is the name given to money lent to a 
Government, a corporation, a county council, or a trading 
company. Government Stock is money borrowed by a 
Government to meet some exceptional expenditure, such as 
that caused by a war. The money is borrowed at a fixed rate 
per cent., and the Stock is named from this rate, e.g. the Two 
and a half Per Cents. 


From the buyer’s or lender’s point of view, the money is said to be 
subscribed ; from the Government’s or company’s point of view, it is 
said to be issued; i.e. the Government issues stock, and the public 
subscribes to it. i, 


Shares.—Companies generally raise their capital in 
shares. or instance, a company may desire to raise £100,000 
capital, and it may do this by offering shares at £1, £10, or 
any other price, to the public. 


But the issue price of shares is rarely paid up on application. The 
portions comprising the total are paid at specified times in specified 
amounts fixed by the company. For instance, a stock may be issued 
at 92 and offer 3 % interest, and the money may be subscribed thus— 

10 % on application} i.e. #5 of the sum will be forwarded when the 

shares are applied for. 

20 % on allotment ; 1.e. + of the sum will be paid when the company has 

decided how many shares are allotted to the applicant. 

35 vy at some subsequent time; e.g. one month after allotment. 

35 wh on another date, say one month later. 


Kinds of Shares.—Shares differ mainly in the way in 
which the profits or dividends are divided. 


j 
1, Preference Shares are issued at a fixed rate of dividend, usually 
about 5% or 6%. In the division of profits these shares have the 
preference; ¢.e. their dividends are paid before those of any other 
shareholders. 
2. Debentures are sometimes granted by public companies to raise 
more working capital. The distinctive feature is that the whole 


® 
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undertaking (plant, etc.) of the company is mortgaged for the money 
thus borrowed. Debentures are thus the safest of shares, and as a 
result, they receive, as a rule, less interest than the other shares. Like 
preference shares, the dividends on them are paid before the dividends 
on ordinary or deferred shares. 

3. Ordinary Shares.—After the two previous classes of shares 
have been paid, most of the remaining profit is divided among the 
holders of ordinary shares. A portion of the profits is usually carried 
over to a reserve fund, to meet the possibility of bad times. 

4, Deferred Shares.—Holders of this stock get the remnants of 
the profits, if there are any remnants. The payment of their dividends 
is deferred until all the other shareholders have been paid at a rate 
previously agreed upon. 


Stock and Cash.—The student must distinguish care- 
fully between these two terms. 


Stock is the nominal value on paper; 7.e. the face value. 

Cash is the real value in money; the market value. 

For instance, suppose £1000 is cash to be invested; when it ¢s 
invested it is stock. When it is being sold it is stock; it is stock to 
the buyer, and becomes cash to the seller only when the sale is com- 
‘pleted. In other words, Stock is not money, but value for money, and 
on this value the holder of the stock may claim a dividend. 


Value.—To avoid error, the various senses in which this 
term is used must be clearly understood. 


1. Par Value.—Face value; the value expressed on the face of the 
share certificate. 

2. Real Value.—This varies, and depends on the market price of 
the day. Stock is said to be at a premium when its real value is above 
its par Value; and at a discount when its real value is below its par 
value. 

3. Nominal Value.—This is invariable. It is the amount of money 
originally paid for the shares on theif'first issue. 

Suppose the 3 Y% Tasmanians to be issued at 92, and that £1000 worth 


of stock be bought. The nominal value of the stock is £920; the par value 
£1000 ; and if the stock be now at 94, the real value is £940. 


Dividends.—-A dividend is the ameunt to be divided, and 
it signifies\a share, in proportion to the amount subscribed, of 
the total interest or profits on the total amount of stock. 
Dividends may thus be called interest or profit on stock or 
shares. It may be noted that— 


1. Interest or dividend is paid regularly on the stock— 


(a) Either at a fixed rate, as in Preference and Debenture Shares, 
and in Government or Municipal Stock ; 

(6) or, at a varying rate, dependent on circumstances (state of trade, 
etc.), a3 in the case of ordinary and deferred shares. 
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2. Dividend is usually calculated on each £100 stock ; 4.e. on the 
par or face value. It is not calculated on the market value or selling 
price of the stock. 

3. The rate of dividend, if fixed, is invariable, so long as a Govern- 
ment.or company, etc., is solvent. The holder of £100 worth of 3 % 
Stock will receive £3 per £100 stock, whatever the market price of the 
stock may be at the time. Hence, if a man buys at a discount, he 
gets a better return for his investment ; and conversely if he buys at a 
premium. 

4. When a company declares a dividend—which is usually paid 
half-yearly—at so much per cent., interest is paid only on the amount 
of the stock or shares paid up, avd not on their full nominal value. 
For instance, if a man is allotted £1000 worth of stock, and the com- 
pany has called up only £700, his dividend will be paid on the £700, 
and not on the £1000. 

5. The words “per cent.” may prove misleading, as it means so 
much on the face value; e.g. a man invests in the 4 per cents. at 20 % 
premium ; #.e. he buys £100 stock for £120 cash. His real percentage 
then is not 4, but 34, for he is receiving £4 only for the loan of £120. 


Buying and Selling.—Suppose a man to hold £1000 
stock in the 24 per cents. 


1. He holds bonds or certificates from the Government acknow- 
ledging this debt. 

2. As arule, he cannot sell back his stock to the Government, but 
he can sell it to other people. 


Governments often reserve the right of redeeming stock at a specified 
time. 


3. His certificate entitles him to receive interest. The Govern- 
ment undertakes to pay each half-year £123; 7.e. the interest on £1000 
for half a year at 23 %. 

If a shareholder wishes to sell, we note that— 

1. He may sell at a premium (profit), or at par (neither profit nor 
loss), or at a discount (loss). 

2. The price of stock is constantly varying. Among other things, 
it depends on— 


(a) The rate of interest. 

(b) The credit of the Government, etc. § 7.e. upon its ability and readi- 
ness to pay. 

(c) The number of persons desirous of becoming investors. Stock is 
like any other marketable commodity—an increased demand 
sends up the price. 


3. Stocks are usually quoted at two prices on the Stock Exchange. 
Thus “ Consols 1042 — 3” would mean that they could be bought at 
1043(4+ 4), and sold at 1043(—4). The price for the day will 
fluctuate between these limits most probably. 

4, The buying and selling will be done by the aid of certain men, 
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usuaily members of the Stock Exchange, called stockbrokers and stock- 
jobbers. The broker buys and sells for the public and charges a com- 
mission for his trouble, which commission is usually termed brokerage. 
He is the agent between the public and the jobber. The usual charges 
of such men are— 

(a) 2s. 6d. or 4 % for Consols and Foreign Government Stocks. 

(6) + % on Railway Stock. 

(c) 4 % on shares below the value of £100. 

In arithmetic problems 4 ¥ is usually given. 


The jobber is a man who deals in stocks and shares. He lives on 
the difference between the buying and selling price of stocks. In other 
words, like a tradesman or merchant, he buys and sells a certain 
article (stocks), and lives on the profits. He is not an agent like the 
broker, but a stock merchant. 

The Funds.—Money which is lent to the Government is said to be 
in the Funds. The money is lent at a fixed rate of interest, and the 
investment, being both safe and marketable, carries a low rate of 
interest. The Funds are Government Stock, and this stock is sold in 
the form of certificates, which entitle the holder to receive so much 
interest each year, so that each purchaser of the stock may be said to 
have purchased an “ annuity.” 

When “ Annuities ” were first issued they were for limited periods, 
and a tax was earmarked for their redemption. Subsequently, how- 
ever, annuities were issued for wnlimited periods, and the payment of 
them was made from the annual revenue. A fixed redemption fund 
was no longer set aside. The Funds, therefore, may now be said to 
mean a sufficient sum of money to redeem these annuities, and they 
thus represent the credit of the country. 

Consols.—'This word is an abbreviation of the phrase “ Consolidated 
Annuities.” They were so called because they were formed by the 
consolidation into one stock of various debts, contracted by the Govern- 
ment at different times and at different rates. They represent the 
major portion of the public debt of this country, They yield 23 % 
interest, and dividends are paid quarterly. They are also known as 
the Funds, and constitute what is called the Munded Debt, which 
practically thus consists of unredeemable loans. 

The Unfunded Debt.—This debt is composed of redeemable loans, 
the common form being that of Exchequer Bills. As a rule the money 
is borrowed for a few months only. Interest is paid at the specified 
rate for the time of the bills in days, as the life of a bill is a short one. 
All persons who have a claim upon the country for money thus invested 
are known as fundholders, whether they hold consols or bills. 

Bonds.—These are the documents or printed certificates which the 
Government issues in acknowledgment of the fundholders’ claims. 
They are also called Debentures. If the bond contains a promise to 
pay back the principal, it is called a terminal bond; if it contains no 
such promise, it is called a perpetual bond. Coupons or warrants are 
attached to the bond, and one is detached and forwarded to the 
Government at each period for receiving dividends. 
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Mortgage.—Sometimes money is borrowed by means of bonds. 
Houses, lands, or other property may be pledged as security, and a fixed 
rate of interest may be promised; the bond then becomes a mortgage. 

Some worked examples in stocks now follow. 


I. To find Income derived from Investment in 
Stock. 
(1) When stock is given. 
Example.—T own £4400 in the 4 per cents. What is my income ? 
If the income on £100 stock is £4 
then ‘5 eo eadO00 4, £46 4a a 
Ans. £176, 
Note that the £4400 is in the 4 per cents. ; i.¢. it is stock. 
(2) When money is given. 
Example.—T invest £9800 in the 31 per cents. at 98. What is my 
income 2 
Now, £98 (money) would buy £100 (stock), which would yield £34 
(dividend); 7.e. £98 (money) yields £31 (dividend). The problem 
thus becomes : If £98 (money) yields £34 (income), what income will 
£9800 (money) yield ? 
£98 : £9800 :: £34 : required income 
*, INcome = a = £325 
Ans. £325. 


Note that £9800 is to be invested ; i.e. it is money, not stock\ 

(3) Given the difference between the two incomes and the rates, to 
find the incomes. 

Example.— The difference between two incomes, the smaller of which 
ws im the 3 per cents. and the larger in the 5 per cents., is £500, and 
they are in the ratio of #3: sy. Lind the incomes. 


a 
Smaller ; larger 3: 34: 3} 
kee 


3 
; 14 (difference = 5) 

00 : 1400 (difference = 500) 

Ans, £900 and £1400. 


The Use of Formulz.—Many problems may be solved by the aid 
of formule, which are mere shorthand expressions for the respective 
rules. 


CO ei, 


then (1) pape Ixv 
If V = market value*  |/ Ms 100 (4) M= R 
», M = purchase money (25: = Set Ixv 
» % = amount of stock (5)R= 
», R = rate per cent. as 100 x I M 
and ,, [I =income RB 6) v- MXR 
sXV (0) 0 eet 
ORG Se 100: ene 
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Il. To find Amount invested or realized. 


1. Stock, Quotation, and Rate known. 
Example.— What sum will purchase £4000 in the 4 per cents. at 92? 
£100 stock : £4000 stock :: £92 sterling : amount required. 
40 


amount required = ei X 92 = £3680 Ans. 


By formula M = ——_— — —~—_—— — £3680 


~~" Ans. £3680. 
2. Annual Income, Quotation, and Rate known. 


Example.— What was the amount paid to obtain an income of 
£200 per annum from 4 % stock at 92? 


An income of £4 costs £92 cash 


” ed £1 ” aa 2”? 
23 
» om £200, £14 x 200 = £4600 Ans. 


3. Where Brokerage is included. 


Example. — What is the cost of £1600 3 % stock at 95}, brokerage 
being 4? 
Every £100 stock costs (£954 + 4), or £95, because the buyer pays £95} 


for the stock, and £1 to the broker for his commission. 
Then £100 stock : £1600 stock :: £958 : required cost 
2 


16 / 
£1600 x 958 — £VG 76 f 
Required cost = ain P= a Re — £1530\/Ans. ; 


4. When Income-tax is involved. 


Example.-—A person having invested a sum of money in the 3 per 
cents. receives annually therefrom £233, after deducting an income-tax 
of 7d. in the £. What can the stock be sold for when the consols are 
at 944? (1.M.) 


(a) To find amount of stock. 


08 fae of =7,5 is deducted from income, and the net income is then 
.”. gross income ; net income :: £1 : (£1 — £545) 


>; £240 ; £233 
The gross income then is £240 
£240 x 100 


— £8 
3 — £8000 


and amount of stock — 


(6) To find cash value. 
£100 stock sells for £944 


Bt oy. ee 
100 


£941 x 8000 
8 eee 
100 — £7530 


Ans, £7530. 


*, £8000 ,, ‘a 
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Sale and Transfer.—If A sells stock to B, A’s name is 
taken off the register kept by the company or government for 
that particular stock, and B’s name is put on, and this process 
is called a Transfer. ‘The register for Government Stock is 
kept by the Bank of England. A may sell at a gain or at a 
loss, as the transaction is purely one between him and B, but 
there is no alteration of the amount of the stock on the register. 
The same amount will stand to B’s name that formerly stood 
to A’s, although B may have given more or less than A for the 
stock. 


zr. Sale, but no Transfer to New Stock. 


Example.—£6300 stock was bought at £90 and sold at £137. 
Find gain. 
Gain on £100 stock = £(187 — 90) = £47 
eeeoou) ., = £47 x 63: = 22001 
Ans, £2961. 


2. Sale and Transfer to New Stock. 


Example.——-J sell owt £30000 ) from the Sper cents. when they are 
at 98, and invest my money.in a 5 % stock af 105. What amount of 
stock have I, and what change ' is there in my income ? 


Income in first case = £3 X 300 = £900 


14 2000 : 
Amount of stock bought at 105 = Tr MY = £28006 
X 
100 
SOQ 
EXQQQY X a x8 
Income in second case = ——“-2——-+—— = £1400 
oT xX {QQ 


.. change in income = £1400 — £900 = £500 gai 
Ans. (1) #8000; (2) £500. 


To find Rate. é << 


1. To find Real Percentage, quotation known. 


\ 


Example.— The 5 per cents. are at £120. What is that per cent. ? 


Unitary Method. Proportion. 
£120 cash yields £5 income £120 : £100 :: £5 : rate 
£1 97 29 ee 99 | 5 
| \QQ X_5 Foo 
£100 _ ,, ’ may income Rate = = 2h = 44 
“im 1 no imo 
ane 417 41% Ans 


STOCKS AND SHARES 335. 


2. Income and Amount of Stock known. 


Exampie.—Irom £4000 stock an annual income of £160 was 
derived. What was the rate of interest ? 


On £4000 stock £160 was paid annually 
9? £100 99 £152 o> 9? 
.rate=ig2=47. Ans. 


3. Value, Income, and Quotation known. 


Example.— What was the rate of interest paid on a stock quoted at 
£104, when an investment of £2080 cash produced an annual income 
of £160? 

£2080 cash produced £160 income 


£1 ” ” Lagos 
160 X 104 
£104 ” 9 £ ~ 9080 _ ” 


8 
*, rate = are AO = Bye Ans, 
XY 
To find Price or Quotation. 


Example.— At what price was 4 % stock quoted when £4600 cash 
could produce an income of £200 a year ? 


An income of £200 was produced by £4600 cash 


” £1 ” ” £4800 2” 
AR SE Fy : pee, 
ie 60 ae 200 
ae Price = <— y SSE ANS. 


Example.— A person invests £5000 in the 3 per cents. at a certain 
price. The price of the stock rises 21%, and he sells out and purchases 
4 per cents. at 104, and thus raises his income by £25. Find the price 
at which he originally bought. 


1 
His improved capital is te x 5000 = £5125 


100° 
His second income is therefore— 
£104 : £5125 :: 4: income 
26 
whence income = £5125 
His first income then is £5475 — £25 = {5125-050 — $4475 
then £4475 income : £3 :: £5000 : price required 
200 


price required = ———_ 


= £15609 = £87°15. Ans. 
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To find the Comparative Value of Different 
Stocks. 


Example.— Which is the best investment, the 8 er cents. at 93, the 
3g per cents. at 98, the 4 per cents. at 104, or the 24 per cents. at 824? 


The interest on £1 in these 4 cases is represented respectively by the 4 
fractions— 


3 3) 4 
93’ 98° 104 822 
Reducing the numerator to unity, we get— 
BD BS» tor os 
By inspection the largest is 3; therefore the 4 per cents. at 104 is the 
best investment. 


If the question had required that the investments should be arranged 
in the order of their value, then the answer would have been— 


Four per Three and a half Three per Two and a half 
cents. per cents. cents. per cents. 
THEORY. 


1. Define stock, funds, consols, par. (P.7.) 


2. Distinguish between stock and the money value of stock, illus- 
trating by an example. What is meant by buying stock at a premium ? 
Explain the term ‘“ brokerage.” 


3. What is meant when stock is said to be, (1) at 5 per cent. premium, 
(2) at 5 per cent. discount, (3) at par? (c.m.) 

4. What is meant by saying that ‘ London and North-Western stock 
is at 1273”? (c.s.) 

5. Translate into simple language, ‘23 Consols to-day are quoted at 
TIOF eC 


6. Explain the following extract from the Times: ‘“‘ Consols, which 
left off last evening at 94! to 1, opened at 94 to 1, and remained without 
variation till the close of business.”’ (P.T.) 


EXERCISE L. 


ff Stocks and Shares. 


Find the value of the following stock :— 
1. £200 in 3 per cents. at 105. 2. Rs.55000 in 22 per cents. at 88. 
3. £10000 in 5 per cents. at 125. 4. Rs.15000 in 62 per cents. at 150. 


_dow much stock can I buy with— 
5. £650 in 4 per cents. at 120. 6. Rs.25000 in 5 per cents. at 120. 
7. £6600 in 43 per cents. at 121. 8. Rs.7600 in 23 per cents. at 95. 


~h A 
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To find Income. 


hat annual income would be derived pom £750 5 per cent. 
debenture stock ? 


10. What is the annual income from £14500 in the 2? per cent. 
Consols ? 


11. What is the half-yearly dividend upon Rs.300000 of 2? per cent. 
stock ? 

12. What would be the half-yearly dividend from an investment of 
£3300 in the 34 per cents. made when the stock was standing at 91? 

(K.S.) 

13. A man invests £10000 in 22 per cent. Consols at 1113, inclusive of 
commission. Find within a penny (1) the amount of Cérisols he will 
obtain ; (2) the sum he will receive each quarter for. interest. (C.8.L.) 


14, What is the annual income derivable from a sum of Rs.7850 
invested in stock standing at 981, and yielding the same rate of interest 
at which Rs.7864 10as. will amount in 5 yrs. to Rs.9175 6as. 4p. ? 


15. On a certain day the prices of 24 and 23 per cent. stocks are 
respectively 941 and 96. What difference will it make to an investor's 
annual income whether he spend Rs.16000 in buying the former or the 
latter stock? (The calculation to be correct to the nearest anna, and 
no charge to be made for brokerage.) (C.S.L.) 


16. A man has £1000 left to him. He invests half of it in railway 
shares of £100 each, which are at 125 and pay 4 per cent. interest on the 
stock, and the other half in a business which pays 4°45 per cent. on 
the money invested. Neglecting brokerage, find the exact income from 
the whole investment. (P.T.) 


17. A and B each invest £1200 in the 23 per cents., A when they are 
at 90, B when they are at 96. Find the ratio of A’s resulting income 
to B’s resulting income. Find also the difference between these 
incomes. (P.T.) 


18. A person who has Rs.10100 stock in arailway company guaranteed 
to pay 5 per cent. per annum, receives for his half-yearly dividend the 
guaranteed interest and a further bonus of 4as. per cent. for the half- 
year. Find the amount of his dividend when an income-tax of 4 pies 
in the rupee has been deducted from it. 


With Brokerage. 


19. Calculate the total income produced by investing £8000 in equal 
amounts of each of the three following stocks: (a) 2% per cent. Consols 
at 101%; (b) a 4 per cent. Railway Preference stock at 134%; (c) an - 
Ordinary Railway stock, paying 64 per cent. dividends, at 161}; the 
expenses of purchase amounting to} } per cent. on (a), 1 per cent. on (bd), 
and 1} per cent. on (c). (C.H.L.) 


20. How much 3 per cent. stock must be sold out at 89} in order that 
the owner’s income may be increased £12 by investing the proceeds in 
4 per cent. stock at 913? The brokerage on each sale is} per cent. (C.s.) 


21. A person holding Rs.52500 stock in the 3 per cents. and Rs.47500 
in 64 per cent. Bank stock sells out, the price of the former being 917, and 
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of the latter 1853. With part of the proceeds he buys ninety 8 per cent. 
Rs.1000 bonds at 1423 (the usual brokerage, § per cent., being paid in 
each transaction), and invests the balance in ‘a mortgage at 4 per cent. 
Find the difference in his income. 


22. A man calls in a sum of £10000 lent on mortgage at 4 per cent., 
and invests the money in £3000 London and North-Western Railway 
4 per cent. debenture stock at 133 (including brokerage), and £3000 Great 
Western Railway 5 per cent. stock at 167 (including brokerage). The 
balance of the £10000 is placed on deposit at 24 per cent. What is the 
change in the income derived from the £10000? (c.PR.) 


23. A person sells an estate worth £1200 per annum for 25 years’ 
purchase, and after deducting 14 per cent. for expenses invests the 
remainder in North-Hastern Consols at 155. Allowing 2s. 6d. per cent. 
for brokerage, find the amount of stock he willreceive. If he gets 7 per 
cent. on his investment, what will be the difference of his income, sup- 
posing the management of his estate to have cost him 10 per cent. of the 
rental? (R.M.A.) 


24. I wish to transfer Rs.48000 in 4 per cent. preference stock at 96 
to 5 per cent. debentures at 105. It is calculated that the result of each 
sale of Rs.16000 will be to lower the price of the stock which I am selling 
by 4 per cent. (z.e. the first Rs.16000 will be sold at 96, the next at 92, 
etc.), and that each purchase of Rs.16000 will raise the price of that 
which I am buying by 5 percent. Find my change of income, assuming 
that the charges for brokerage amount altogether to Rs. 52. (To nearest 
pie.) 

To Ee Olona of Income on Transfer. 


é 95, I sell out; £32 2% per cent. stock at 1082, and re-invest half 
in 24 per cent. stock at 87, ‘and: the other half in 4 per cent. stock at 116. 
Fa how much is my income increased ? ieee.) oe ede 


\ ~ 26°T sell out Rs.8000 stock in 3 per cents. at 1074, and buy Rs.100, 
shares in a company at Rs.107 8as. each. When the shares fall to 
Rs.76 8as., I sell out and buy 4 per cent. stock at 1142. How much 
will my income be diminished ? 


27. A man invested £990 in Central ‘iseeues railway stock at 198,” 
and when they had fallen to 95, he purchased five £100 shares. If le 
waits until they rise again to 148, and then sells all his stock, how much 
will he have gained or lost ? (0.R.) 


28. A person sells out 4 per cent. stogk at 126, and invests the pro- 
ceeds in equal parts in 22 per cent. stock at 98, and 5 per cent. stock at 
120. How much per cent. does he increase his income.by the change ? 
(The answer is to be correct to two places of decimals.) (L.M.) 


29. A person sells his property for £27118, the rental of which is 
£900; he invests £4818 in 3 per cents. at 1003, £2450 in Greek 5 per 
cents. at 50, and £19850 in New Zealand 4 per cents. at 993. Find the 
increase of his income, (R.M.A.) 

30. The 3 per cents. are at 914, and the 33 per cents. at 963. A 
person has a sum of money to invest which will give him £100 more of 
the former stock than of the latter. Find the difference of the income 
he could obtain by investing in the two stocks. (C.PR.) 
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31. A man sold 150 Rs.100 shares of stock which were paying 5 per 
cent. at 105. With the proceeds he purchased 4 per cents. at 90 and 
- re-sold them at 96. He then re-invested in the stock, which was still 
at 105 and paying 5 per cent. What was the change in his income? 


32. If a person sells for £18 each, fifty £10 shares in a company which 
pays a dividend of 8 per cent., and then invests the proceeds of this sale 
in the purchase of £5 shares in another company at £8 10s. each, find 
what difference is made in his income if the second company pays a 
dividend of 3} per cent. (K.S.) 


33. What is the price of 4 per cent. stock if an investment in it is 
as profitable as one in 33 per cent. stock at 98? Find the loss of income 
when Rs.52000 of the above 4 per cent. stock is sold at the ascertained 
price, and the money re-invested in 2? per cent. stock at 96. (Neglect 
brokerage.) 

$4. (Neglect brokerage.) The 3 per cents. being at par, and the 
23 per cents. at 90, a man holding £1050 stock in the 8 per cents. and 
£1500 stock in the 23 per cents., transfers his capital from these securities 
to a.company paying 4 per.cent. per annum on shares of £50 each, now 
quoted at 60. What is his annual income, and by how much does it 
differ from his previous income? (c.w.) 


; To find the Money Invested. 

35. A person has equal sunss*invested in three undertakings, which 
yield respectively 3 per cent., 4 per cent., and 5 per cent., and his total 
income is £240. What is his capital? (K.s.) 


36. If by delaying an investment in 23 per cent. stock while the price 
falls from 90 ¢0 893, the annual #icome to be received is increased by 
Rs.62 8as., what is the sum invested ? 


57. Money is invested in 3} per cents. at 98, and 4 per cenis. at 108. 
If one of these investments gives £50 a year more interest than the other 
on the same principal, what is the capital invested? (c.s.) 


38. A and B have equal sums of money. A invests*his equally in 
the purchase of 2? per cents. at 110, and 23 per cents. at 10645 Bin the 
purchase of equal amounts of the same stocks. The difference in their 
incomes is Rs.1 8as. What amount of money did each possess ? 


39. A, who has invested £3450 in 4 per cent. stock at 115, findstihat. 
he has £15 less income than B, who has invested a certain sum in3 per 
cent. stock at par. How much did B invest? (c.mM.) au 


40. A man invests a certain sum of money in the 4 per cents. at 89. 
At the end of a year he takes his dividend, sells out at 81, and invegts 
the proceeds of the sale as well as the dividend in a 44 per cent. stock 
at 102. He finds that his income is £12 10s. a year less than it would — 
have been had he left his money as originally invested. What was the 
original sum invested ? (0.3.) 

41. A man invests a certain sum of money in 43 per cent. Govern- 
ment paper at 104. The price falling to 101, he sells out and loses 
Rs.600 by the transaction. Find the sum invested. (Brokerage.excluded.) 

"+ 4(M.U.) 


at 
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A2. I invest a certain sum, half in a 4 per cent. stock at par, and 
half in a 5 per cent. stock at 120. If I had invested one quarter of the 
sum in the first stock, and the remainder in the second stock, I should 
have had Rs.50 more annual income than in the former case. What 
sum had I to invest ? 


43. A man invested £5173 11s. 3d. partly in Consols at 101}, and the 
remainder in railway stock at 146}. When the Consols were at 1023, 
and the railway stock at 143}, he sold out, and received altogether the 
same sum he had originally invested. How much money did he invest 
in Consols? (Neglect brokerage.) (C.8.L.) 


44. A man invests a sum of money ina stock at 91, and an equal 
sum in another stock at 117. After some time the prices of the stocks 
have exchanged values, when the man sells, and finds that he has made 
a profit of Rs.52. What sum did he invest ? 


With Brokerage. 


45. What sum of money must I invest in the Indian 3} per cents. 
at 109 to produce sufficient income for an annual prize of 1 guin., the 
cost of brokerage on amounts under £50 being 1s. ? (c.P.) 


46, Having invested a sum of money in 3 per cent. Consols at 1003, 
1 held the stock until I had received a half-year’s dividend. I then sold 
it at 998, and lent the proceeds of the sale, together with the dividend, 
at 33 per cent. per annum. If brokerage amounting to } per cent. be 
charged upon sales and upon purchases, what sum did I originally 
invest, my income being increased by £9 19s. 6d. ? (c.8.) 


To find the Amount of Stock held, purchased, or sold. 


AT. My income is derived from £10000 stock in the 2% per cents., 
which are at 80. How much must I sell out in order that, after re- 
investment of the proceeds in 4 per cents. at 120, my income may be 
£12 10s. greater than formerly? (C.S.) 


48. A speculator bought Spanish bonds (yielding no interest) at 18, 
18 Honduras £100 bonds paying 10 per cent. interest at 35, and 17 
Turkish £100 bonds paying 5 per cent. at 45. At the end of two years 
he sells the Honduras stock at 15, and the following year he sold the 
Spanish at 25, and the Turkish at 46. Including the interest, he gained 
£1146. What number of Spanish bonds did he buy? (c.s.) 


49. A man invested money in the 8 per cents. at 1013, and on their 
falling to 100§ he sold out, and thereby lost Rs.120. How much stock 
did he hold, and how much did he pay for it ? 


50. A man holding 3} per cent. stock sells out when the stock is at 
90, and invests the proceeds in 4 per cent. stock at 80. If his annual 
income is thereby increased by £25, how much of the first stock did the 
man hold, no account being taken of brokerage? (0.J.) 


51. A person has a certain amount of 4 per cent. stock. He sells it 
at 1171, and invests half the proceeds in 2 per cent. stock at 96, and the 
rest in 8 per cent. stock at 99. He then finds that his annual income is 
reduced by Rs.100. What amount of the original stock had he ? 
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52. How much stock in the 22 per cent. Consols does a man hold if, 
by selling out at 99, and investing the proceeds in 4 per cent. railway 
stock at 132, he increases his income by £12 a year? (No charge for 
brokerage.) (Cc. W.) 

53. By a reduction of the interest on Exchequer Bills from 23d. to 
13d. per cent. per day, a person loses at the rate of £152 7s. 9d. per 
annum. What amount of Exchequer Bills does he hold? (c.s.) 


54. A man owns Rs.16800 stock in 8 per cent. stock, and Rs.13500 
in 23 per cent. stock. He is obliged to realize Rs.20040 sterling when 
the former stands at 105 and the latter at 80. How much of each 
stock must he sell so as to have the smallest possible loss of income ? 


55. A trustee invests £1465 12s. 6d. in the purchase of 2% per cent. 
Consols at 1124 (the cost of brokerage and other expenses of the purchase 
being paid separately). How much stock does he buy, and what will be 
the quarterly income after deducting income-tax at 8d. in the £ ? (c.H.1.) 


56. Investing a certain sum in a railway paying Rs.6 per Rs.100 
share, at a time when each share cost Rs.125, I find my income 
Rs.106 12as. better than when I invested the same amount in 3 per cent. 
stock at 95. Determine the amount. 


With Brokerage. 


57. A broker is employed to invest a sum of money, and receives 
as brokerage Rs.450, being } per cent. on the purchase-money, and 
1p per cent. on the nominal value of the stock. What was the amount 
of stock purchased, and at what price per cent. was it standing ? 


58. A sells some stock, and B buys it, each paying the broker ! per 
cent. If the broker makes £8 8s. 3d. by the transactions, what is the 
amount of stock dealt with? (c.s.) 


59. A bankrupt’s assets consist of (1) some stock saleable at 92:; 
(2) a bill for Rs.2700 due 6 mths. hence, which can be discounted by a 
banker at the rate of 23 per cent. per annum; (3) Rs.2146 4as. in cash. 
If his debts are Rs.80000, and he can pay 1las. 3p. in the rupee, deter- 
mine the amount of stock he holds. (0.1.) 


60. A person sold a certain quantity of 3 per cent. stock at 95. He 
invested half the proceeds in 5 per cent. railway bonds at 106, and the 
other half on a mortgage at 44 per cent. The brokerage for transfer of 
the stock amounted to £2 9s. 81d., and the cost of drafting the mortgage 
deed £15. After these charges had been paid out of the first year’s 
income, there remained 15s. 6d. more than the previous income from 
the 3 per cents. How much of this stock was sold? (c.s.) 


To find the Price of Stock. 


61. A railway stock pays a dividend of 6% per cent. What price 
should a person pay for £100 of the stock that he may have 4 per cent. 
interest on his money? (L.M.) 

62. A man buys Rs.45750 three per cent. stock at 75, and pays for 
it with borrowed money, for which he gives 8 per cent. per annum. 
At the end of a year he sells out, and after repaying his loan has Rs.305. 
At what price was the stock sold ? 


M 
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63. A man sells £6000 23 per cent. Consols, and invests the proceeds 
in railway stock at 165. The railway pays a dividend of 51 per cent., 
and the man finds that he has added £50 to his income by the trans- 
action, At what price did he sell? (c.M.) 


64. A stock yields 5 per cent. to an investor; a fall of 5 in its price 
causes it to yield 5} per cent. What was its price? (S.A.) 


65. A person wishes to sell out £10000 three per cent. stock. On 
December 1 the stock is at 85, but by waiting till December 17 he is 
able to clear £1100 more than if he had sold out on the former day. 
Required the price of the stock on December 17. (0.B.) 


66. A person buys shares at BRs.180 when Rs.150 is paid up, and sells 
when Rs.240 is paid up, gaining 115 per cent. on his invested money. 
Find the price at which he sold out. 


67. A man invests 1200 guins. in 3 per cent. stock at 94%. After 
receiving the first half-year’s dividend he sold out. If the whole 
increase of his capital, including the dividend, amounted to £65, what 
was the price of stock when he sold out? (K.S.) 


68. A man sells £1000 new 3 per cents. at 95, and buys shares and 
gains £10 per annum. If the dividend on the shares is at the rate of 
8 per cent. per annum, what is the price of each £100 share 2°. (1) 


69. A person buys 6 per cent. bonds, the interest on which is pay- 
able yearly, and which are to be paid off at par three years after the 
time of purchase. If money be worth 5 per cent., what price should 
he give for the bonds? (C.PR.) 


70. A man possesses £10000 of 33 per cent. stock, and £7500 of 
41 per cent. stock. He sells out when the stocks are at 126 and 168 
respectively, and invests the proceeds in 2$ ‘per cent. Consols. What 
price must he pay in order that his total income may be the same as 
before? (L.M.) 


With Brokerage. 


71. I pay income-tax at the rate of 6d. in the £ on the income aris- 
ing from 4 per cent. stock. When the income-tax is raised to 8d. I sell 
out at 1463, and buy 33 per cent. stock. At what price must I buy 
this stock if my net income remains the same as before? (Brokerage 
1 per cent.) (0.J.) 


79. A man bought 22 per cent. Consols at 973, and sold them 2 
months afterwards. If his profit (including a quarterly dividend) 
amounted to 5 per cent. per annum on the sum invested, at what price 
did he sell the stock? (Brokerage { per cent.) (C.P.) 


73. If the 8 per cent. Consols are at 817, what must be the price of 
the 5 per cents. that there may be no loss of income in selling out the 
former and re-investing in the latter, allowing for the usual brokerage 
of } per cent. of stock on each transaction? (C.S.) 


74. By selling out of the 3 per cents. when they are at 91}, and 
then buying 3} per cent. stock, T find that I obtain £1 Os. 1#d. of income 
for every £1 which I previously received. Find the price of the 33 per 
cent. stock, } per cent. brokerage being charged in each transaction. 


(c.S.) 
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To Jind Rate per Cent. 


75. How much stock at 974 must I sell out in order to realize 
£1300? And if, by investing this £1300 in 41 per cent. stock at 102, I 
increase my income by £8 6s. 8d. per annum, what rate of interest was 
I receiving on the former stock? (R.M.A.) 


76. One-half of a certain sum of money is invested so as to return 
5 per cent., one-third so as to return 6 per cent., and the remainder so 
as to return 8 per cent. interest. What is the average rate of interest 
on the whole? (k.s.) 


77. A man invests the following sums of money, viz. Rs.25000 in 
3 per cent. stock at 954, Rs,80000 in 4 per cent. stock at par, and Rs.60000 
in 5 per cent. stock at 921. What rate of interest does he receive on 
his whole investment ? 


78. A man buys a certain stock’at 1121. For the first half-year the 
dividend was at the rate of 4 per cent. per annum per £100 stock, and 
forthe next half-year at the rate of 3 per cent. per annum. What is 
the total interest per cent. per annum on his outlay ? (Work out to 
the nearest penny.) (L.M.) 

79. If I invest Rs.49250 in the 8 per cents. at 98, and at the 
end of 6 mths., having received a half-year’s dividend, sell out at 873, 
md invest the proceeds of the sale for another 6 mths. at 5 per 
ent., what income shall I have for the year, and what rate per cent. 

will it be on my original investment ? 

80. A man invested a sum of money in the three per cent. Consols 
at 88, and at the end of 43 mths., after receiving one half-year’s 
dividend, sold out at 877. At what rate per cent. per annum did he 
receive interest on his capital? (c.s.1.) 

81. A man has stock in the 8 per cents. which brings him Rs.2400 
ayear. He sells out } of the stock at 873, and invests the proceeds in 
railway stock at 1743. What dividend per cent. per annum ought the 
railway stock to pay, so that he may increase his income Rs.400 per 
annum by the transaction ? 


82. A invests £4625 in railway stock at 125, B invests £4920 in 
another at 120. A receives an annual dividend at the rate of 41 per 
cent., and receives £3 10s. more than B. At what rate was the annual 
dividend paid to B calculated? (c.w.) 

83. A person has a sum of money invested in Consols (3 per cent.). 
He sells out at 874, and invests the proceeds in railway shares, when 
£100 sells for £1744. He thus increases his income from £120 to £200. 
What dividend per cent. does the railway pay ? (R.M.A.) 

84. A man, having Rs.4400 to invest, buys Rs.1000 stock in the 8 
per cents. at 81, Rs.1500 stock in the 33 per cents. at 90, and invests'the 
remainder of his capital in 4 per cents. at 112. What interest does he 
get per cent. on his whole investment ? 


With Brokerage. 
85. If I buy railway stock, paying a dividend of 63 per cent., at 
129], what rate per cent. do I get for my money, the usual brokerage 
being charged? (P.1.) 
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86. £500 44 per cent. preference stock is bought at 111}, the stamp 
and fee cost £2 10s., and commission is charged at the rate of 4 per 
cent. (per £100 stock). What is the actual interest produced by the 
money invested? (c.M.) 


87. An investment of £7440 is made in the 8 per cent. Consols at 
927 two mths. before the half-yearly dividend is paid. Immediately after 
the receipt of this dividend the stock is sold out at 92. Ifa brokerage 
of } per cent. is paid both on the purchase and sale, find the rate 
of interest per cent. per annum obtained by the investor on this 
transaction. (C.S.L.) 


88. A sum of money is divided into two parts in the ratio of 37 to 
35; the first part is invested in 2? per cent. stock at 1013, the second 
in a 4 per cent. stock at 109!. Brokerage being } per cent., find the 
average rate of interest obtained. (S.A.) 


To find Comparative Value. 


89. Which is the better investment, the 34 per cents. at 91 or the 
4 per cents. at 112 ; and what is the difference per cent. between them ? 
(C.S.) 


90. Which of the following stocks is most profitable for invest- 
ment: the 8 per cents. at 914, the 33 per cents. at 1084, the 4 per cents. 
at 118? (K.s.) 


91. Compare the relative advantages to the purchaser of the 
following investments: A gas company guarantees 5 per cent. on 
shares of £100 each; a railway company offers 42 per cent. on shares of 
£7 10s. each. The price of the former is £124 10s., and of the latter 
£8 10s. (P.T.) 


92. Which of the following stocks is most profitable for investment: 
the 3 per cents. at 914, the 3} per cents. at 108}, the 4 per cents. at 
118? Find the yearly income produced by investing £5217 16s. 3d. in 
the most advantageous of the three. (K.s.) 


93. Compare the incomes derivable from the two investments that 
follow: A invests Rs.14917 8as. in 8} per cents. at a discount of 12} 
per cent.; B invests the same sum in 4% per cent. railway stock at a 
premium of 142 per cent. 


94. What proportion does the income obtained by investing in the 
3 per cents. at 821 bear to that obtained by investing in the 33 per 
cents. at 934? and what will be the difference of income if the sum 
invested be £30000? (P.T.) 


95. A person is considering two investments—a stock paying 34 
per cent. at 88, and another paying 4 per cent. at 962. By how much 
per cent is one better than the other? (®.7.) 


96. If the 3 per cents. are at 87}, and railway debentures paying 
41 per cent. are at a premium of 25 per cent., by which investment can 
the larger income be secured? And by how much will it exceed the 
smaller if the sum invested be Rs.26137 8as? (to the nearest anna). 


97. A persons sells out of the 3 per cents. and realizes Rs.18000. 
Would it be more to his advantage to re-invest this money in the 33 
per cents. at 1017, or in a mining company paying a dividend of 1? per 
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cent. per annum, of which the Rs.10 shares were quoted at 53? No 
prokerage is to be charged. N.B.—Show all your calculations. 


98. When Spanish 4 per cents. are at 63,,, Portuguese 3 per cents. 
at 523, and Italian 5 per cents. at 993, which offers the best investment, 
supposing all to be equally secure? If I invest £1000 in each of the 
three stocks, what annua} dividend shall I receive? (¢.Ww.) 


Miscellaneous Problems. 


99. A man invests £10000 in the 34 per cents. at 105, receiving the 
interest yearly, and giving his son whatever interest there is over and 
above £300. The son invests this gift each year, immediately, at 25 
per cent. How much has the son acquired on receiving the third 
payment from his father? (N.B.—The son has invested twice.) (K.S.) 


100. I invest two sums of money, one at 3 per cent. and the other 
at 5 per cent. compound interest. At the end of three years they 
together amount to Rs.77150, and the sum at 3 per cent. is double 
that at 5 per cent. What, to the nearest anna, were the amounts 
invested ? 


101. An investor orders some stock quoted at 95. Before the order 
can be executed the stock rises to 96. Find the ratio of the rate of 
interest which the investor actually receives to that which he hoped to 
obtain. (You may assume a rate of interest on the stock, but it is 
unnecessary to do this.) (K.S.) 


102. Divide £5300 into two parts, such that if one part is invested 
in the 34 per cents. at 98, and the other in the 4 per cents. at par, the 
resulting incomes are equal. (Neglect brokerage.) (C.M.) 


108. A man invests Rs.163,000 part in Government 4 per cent. stock 
at 108, and the remainder in Municipal 5 per cent. Debenture stock at 
1093. Find how much he must invest in each that he may have an 
equal income from the two sources. 


104. A man invests £9600 in the 4 per cents. at 80, and at the end 
of each year invests the dividend which becomes due in the same stock. 
Find his dividend at the end of the third year, the funds remaining all 
the time at 80. (P.T.) 


105. One company pays 6} per cent. on shares of £100 each ; another 
pays at the rate of 84 per cent. on shares of £20 each. If the price of 
the former be £137 10s., and of the latter £18 5s., compare the rates of 
interest which the shares return to purchasers. (C.M.) 


106. A person who has £1515 stock in a railway company guaranteed 
to pay 5 per cent. per annum, receives for his half-year’s dividend the 
guaranteed interest and a further bonus of 5s. 3d. per cent. for the half- 
year. Find the amount of his dividend when an income-tax of 5d. in 
the £ has been deducted from it. (C.w.) 


107. A person sells out Rs.31625 in 3 per cent. stock at 973, and 
buys in bank stock at 2873, paying his broker Re.1 4as. on each Rs.1000 
of stock sold or bought. He receives on his investment an April dividend 
of 4 per cent., and another in October of 5 per cent. How far is his 
income affected by the exchange ? 


108. A speculator invested in bank stock at 285, and sold out at 
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9893; he re-invested in French Rentes at 812, and sold out at 823; then 
in Sheffield railway stock at 55, andsold at 543; then in Spanish 2 per 
cents. ab 452, and sold at 42%; then he bought Consols at 100}, and sol? 
at 105. Did he gain or lose on the transactions? (C.M.) 


109. A person buys five shares in a concern at 40; next year the 
price is 45, and every succeeding year there isa fall of 4. Hach year 
he sells out one share, and finds at the end he had neither gained nor 
lost. What interest did the concern pay? (C.M.) 


110. A man invests £1000 in 3 per cent. stock at the price of 105. 
At the end of the first year he invests the year’s dividend in the same 
stock at 107; at the end of the second year he invests the whole dividend 
for that year in the same stock at 108. What is his dividend for the 
third year to the nearest penny? (C.H.L.) 


111. An investor placed a sum of money in a stock A, and a sum 
£1000 greater in a stock B, getting £30 a year more from the second 
than from the first. Had he invested the whole in A, he would have 
obtained £5 a year more than if he had invested it in B. Find what 
income would arise from an investment of £2000, half in A and half in 
B. (B.M.A.) 


112. Aman invests Rs.162,130, partly in shares at 105 bearing a 
dividend (free from income-tax) of 8 per cent., and partly in a mortgage 
at 5 per cent. interest, on which he pays income-tax at 3} per cent. His 
net income from each investment is the same. What is his whole 
income ? 


113. A person invested a sum of money in 3 per cent. Government 
paper at 914, and when the prices rose to 943 he sold out and invested ~ 
the amount realized in the 4 per cents. at 1014. If from this invest- 
ment he derives an annual income of Rs.2727 la. 4p. after paying 
income-tax at the rate of 5 pies in the rupee, find what sum he invested 
in the 3 per cents. 


114. A man invests one-third of his capital in 23 per cent. stock at 
96, one quarter in 4 per cent. at 110, and the remainder in 5 per 
cent. stock at 120. Find, correct to the nearest farthing, the average 
rate per cent. returned on the capital. (L.M.) 


115. If the 3 per cents. are at 95, and Government offer to receive a 
loan of £5000000, the lender to receive five millions in the 3 per cents., 
together with a certain sum in the 3} per cent. stock, what sum in the 

1 per cents. ought the lender to accept? (C.S.) 


116. How much must I invest in the 8 per cent. stock at 90, in order 
that when I sell £1000 stock at 933, and the remainder at 843, I may 
gain £6 5s. And if I invest the proceeds in the 4 per cents. at par, find 
the difference in my income. (C.8.) 


117. A person invested Rs.16500 in 3% per cent. Government paper 
at 964, and an equal sum in bank shares of the nominal value of 
Rs.500 each. If, when the bank is paying dividend at the rate of Rs.é0 
per share, his annual income from the bank shares exceeds his annual 
income from the Government paper by Rs.87: 8: 0, find what he paid for 
each of his bank shares. 


118. The half-yearly dividends on £18600 3 per cent. stock are 
invested as they become due in the same fund in augmentation of the 
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stock at 96, 944, and 93 respectively. By how much will the dividend 
for the fourth half-year exceed that for the first ? (¢.S.) 


119. I invest in 22 per cent stock at 110. After 2 yrs. the stock is 
converted into 23 per cent. stock; after 2 yrs. more I sell out at par. 
Show that if brokerage of | per cent. be paid on investing and selling 
out, my capital, with accumulated simple interest, has increased only 
by about 4s. 63d. per £100. (C.s.) 


120. A certain income can be obtained by an investment in the 
31 per cents. at 9383. Thesame income can also be obtained by investing 
£1595 less in the 43 per cents. at 1053, no brokerage being charged on 
either transaction. Whatis the income? (C.S.L.) 


121. A person, holding £4205 21 per cent. stock, calculates that by 
selling at 84 and investing the proceeds in 5 per cent. debentures at the 
current price, he will improve his income by £63 1s. 6d. What is the 
price of the debentures? He has omitted to observe that he will have 
to pay } per cent, (calculated on the par value) as brokerage on each 
transaction. Having this to pay, what actual improvement in income 
will he obtain? (c.s.) 


122. An investment in 8 per cent. Consols, standing at 102, is 
partially converted into 2} per cent. Consols at 94. The part which is 
converted is half again as large as the part which remains in the 3 per 
cents., and the loss in net income is £155, after the deduction in each 
case of an income-tax at 6d in the £. Write down an arithmetical 
expression for the amount of the original investment, but do not 
evaluate it. (C.s.) 


123. Given that 23 per cent. stock is at 943, and 24 per cent. stock at 
921, determine (1) what annual interest will be derived from £1423 2s. 6d. 
invested in 22 per cent. stock, and (2) what fall in price of the latter 
stock (the price of the former stock remaining unaltered) will make the 
rates of interest yielded to the investor the same in both cases. 
(Brokerage } per cent.) (C.P.) 


124. Atthe beginning of a year a man invests Rs.9000 in 3 percent. 
stock at 117, and lks.7200 in 28 per cent. stock at 108, At the beginning 
of the next year, when both stocks are at 111, he sellsthem. Assuming 
him to have received one year’s interest on each year’s stock, and to 
have paid a brokerage of 4as. per Rs.100 of stock on the latter trans- 
action, but not on the former, find how much he has gained on the 
whole. 


125. A friend lent me £425, raising the money by selling out 22 per 
cent. Consols at 91. I repaid the money at the end of 6 mths., but 
meanwhile Consols had risen to 961. How much should I pay to my 
friend to cover the loss of two quarterly dividends on the Consols sold, 
and to enable him to buy back the stock he previously held? (0. and c.s.) 


126. A man invests £23610 in the purchase of 5 per cent. stock at 
983. After a time this stock is converted to 33 per cent., whereupon a 
bonus of £9 on every £100 stock is returned to him, and this bonus he 
invests in 3 per cent, stock at 54. What is his loss of income ? 

(0. and C.H.C.) 


127. A man has Rs.12000 to invest. He invests } of this sum in the 
3 per cent, stock at 96, 7, in railway debenture 4 per cent. stock at 105, 
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and the remainder in 3 per cent. stock at 674. Find his whole 
income, and the average rate of interest he makes on his investments. 
Find also the increase in his capital, when each stock has risen 1 per 
cent. 


128. A gentleman, deriving all his income from a railway invest- 
ment paying 4 per cent. on his capital, spends ? of his gross income on 
personal expenses, and pays an income-tax of 6d.in the £. Next year 
the railway dividends are 4} per cent., his personal expenses are 10 per 
cent. more, and the income-tax is reduced to 4d. in the &, and he finds 
that he is £5 richer. What was his original income? (C.S.L.) 


129. By buying 3 per cent. Consols at a certain price, I find I obtain 
33 per cent. for my money, and derive a net income therefrom, after 
paying an income-tax of 6d. in the £, of £421 4s. Find the amount of 
stock and the price at which I bought it. (R.M.a.) 


130. A capitalist has 15 preference shares of £10 each, £800 railway 
debenture stock, and ordinary railway stock, which he purchased for 
£1237 10s. when it was 824. What capital sum does he realize by selling 
all out, the market prices being—preference shares, 12; debenture stock 
at 105, and ordinary at 844? (1.1) 


131. The accrued interest on November 30, due on Rs.35000 6 per 
cent. mortgage debentures, the interest on which is paid half-yearly, is 
Rs.166 8as. On what day was the previous interest paid ? 


132. The owner of some 82 per cent. stock spends in a certain year 
75 per cent. of his net income after an income-tax of 6d. in the £ has 
been deducted from the interest due to him. The next year the income- 
tax is reduced to 3d., but, the rate of interest being also reduced to 3 per 
cent., he spends only 682 per cent. of his netincome. He then finds his 
surplus to be £8 11s. more than in the previous year. How much stock 
did he possess? (C.8.) 


133. A invests } of his money in the 23 per cents. at 90; the other 
he lends to B at 4 per cent. simple interest. B pays the interest duly 
for 4 yrs.; at the end of another 4 yrs. he becomes bankrupt, and pays 
a dividend of 13s. 4d. in the £ to A on the principal and interest owing. 
At the same time A sells out his stock at 80, and then finds that the 
whole sum received during the 8 yrs. as principal and interest is £10 less 
than that with which he began. What was his original amount? (6.8.) 


1384. A person sold’a certain quantity of 3 per cent. stock at 95. He 
invested half the proceeds in 5 per cent. railway bonds at 106, and the 
other half on a mortgage at 44 per cent. The brokerage for transfer of 
the stock amounted to £2 9s. 84d., and the cost of drafting and executing 
the mortgage deed was £15. After these charges had been paid out of 
the first year’s income, there remained 15s. 6d. more than the previous 
income from the 3 per cent. stock. How much of this stock was sold ? 


(c.8.) 

135. A person possessed of £2500 invested £348 13s. 9d. in 3 per cent. 
stock at 994, £1651 17s. 6d. in foreign 6 per cent. securities at 110, and 
the remainder on loan at 5 per cent. At the end of a year he sold the 
stock at 97, the securities at 1023, and recovered only 75 per cent. of the 
loan. He paid } per cent. on both purchase and sale of the stock and 
securities, and received the year’s dividends on them as well as the 
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interest on the loan. How much was he possessed of at the end of the 
year? (C.S.) 

136. A person had £6900 stock paying 3 per cent. in a company, and 
was offered the choice of being paid off at par, or of receiving £110 of a 
new 22 per cent. stock for every £100. He chose the former alternative, 
and invested his money in the 8 per cent. Consols at 92. Find the 
amount of his stock in Consols, and the excess of his income above what 
it would have been if he had agreed to the proposed conversion. (C.S.) 


137, A company bought a tramway, and estimated that it would 
yield them a dividend of 63 per cent. per annum on the money paid for 
it. After taking over the tramway the company had to borrow Rs.150000 
at 41 per cent. to make certain necessary repairs, and at the end of the 
year the income turned out to be Rs.13079 less than was expected, and 
the working expenses Rs.4921 more. The dividend was 5}. What was 
the price paid for the tramway ? 


188. A man has stock in the 82 per cents. which brings him in 
£43 15s. a year. He sells out } of the whole at 112%, and invests the 
proceeds in railway debentures at 1283. How much per cent. must 
the dividend of the debentures be in order that his annual income may 
be diminished by 10s. 113d., no brokerage being charged for the sale of 
the stock, but 4 per cent. being charged for the purchase of the 
debentures? (C.S.) 


189. A man invests Rs.25000 in a business paying 25 per cent. profit; 
at the end of each year he invests his profits in railway shares at par 
paying 6 per cent. The business fails after the end of the sixth year, 
and he loses the whole of his original capital. By how much greater 
is his present capital than it would have been if he had invested the 
whole in railway shares at first, calculating simple interest ? 


140. I wish to transfer £50000 in 4 per cent. preference stock at 105 
to 5 per cent. debentures at 131. It is calculated that the result of each 
sale of £5000 will be to lower the price of the stock which I am selling 
by 7; per cent. (i.e. the first £5000 will be sold at 105, the next at 104{%, 
etc.), and that each purchase of £5000 will raise the price of that which 
I am buying by } per cent. Find my change of income to the nearest 
se assuming that the charges for brokerage amount altogether to 

62. (C.S.) 


141. A man invests a sum of money in 8 per cent. stock at 87}, and 
at the end of 3 mths. sells out at 90, having in the interval received a 
half-year’s dividend. He then spends 20 guins. in taking a holiday, and 
finds that the sum remaining for re-investment (including the dividend) 
is to the sum originally invested in the ratio of 25 to 24, If the brokerage 
was 2s. 6d. per £100 on both buying and selling the stock, and if the 
income-tax deducted from the dividend was at the rate of 5d. in the &£, 
how much was originally invested? (C.S.) 


142. A man buys £5000 railway stock on May 1 at 1552, and, after 
receiving a half-year’s dividend at the rate of 53 per cent. per annum, 
sells out in August at 1551. What profit has he made? If he at once 
invests the proceeds of the sale, together with the dividend received, in 
22 per cent. Consols at par, and sells out at 993 on November 1, after 
having received a quarter’s dividend in October, calculate the total profit 
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on the whole transaction, and the rate per cent. per annum returned on 
the original outlay. (All prices given are nett.) (c.u.1..) 


143. A man invests Rs.36000 in 3 per cent. stock at 90. He sells 
out at 80, and lends § of his money at 4 per cent. and 2 at 5 per cent. 
How long must the loan last, so that when he re-invests his money in 
3 per cents. at 90, his gain on interest (simple) may exactly equal his 
loss upon principal ? 


144. A man invested Rs.20000 in a 4 per cent. guaranteed stock 
when the price of Rs.100 of stock was Rs.973 in money. He sells out 
when the price of Rs.100 of stock has risen to Rs.154, and invests the 
proceeds in a 23 per cent. stock, the price of Rs.100 of which is Rs.98. 
Neglecting the commissions, find whether his income is increased or 
diminished, and to the nearest anna by how much. 


CHAPTER XXXIV. 


EQUATION OF PAYMENTS. 


Equated Time is that time when several debts, due at 
different times, may be equitably discharged by one payment. 


Asa result some debts would be paid before they were due, and 
some after. ‘To ensure accuracy, interest ought to be added to the 
latter, and true discount subtracted from the former. But in practice, 
banker's discount is allowed, and not true discount, and this influences 
the rule for these problems. 

The Term of Credit is the period of time before a bill falls due. 

The Average Term of Credit is the equated time when banker’s 
discount is paid. 

The true average term of credit is the equated time when true discount 
is calculated, and is only theoretically interesting. Practically, since 
banker’s discount is always allowed, the average term of credit is the term 
required, and not the true average. 


To find Equated Time or the Average Term of 
Credit. 

Example.—Jf £100 be due in 4 mths., £200 in 15 mths., £300 in 
12 mths., and £400 in 9 mths., what is the equated time for paying 
the whole? 


The S.I. on £100 for 4mths. =S8.I. on £400 for 1 mth. 
aAneme eee00 , 16 , = S.I. , £3000 ,, 
Peete oOU 4, 12 5 =S§.I. ,, £3600 .,, 
eee e400, 9 ss =S§8.1. ,, £3600 ,, 


If the sum of £1000 has to be paid in one amount, the problem is to find 
how much time should be allowed so that the 8.1. on £1000 for that time 
may be equal to the S.I. on £(400 + 3000 + 3600 +- 3600), or £10600 for 1 
mth. Hence the following proportion :— ; 

£1000 : £10600 :: 1 mth. : time required 


, : 10600 x 1 . 
Time required = 100022 102 mths. Ans. 


Reason for the Process.—This rests on the following assump- 
tion :— 


The sum of the interests of the | the interest of the sum of 


= the debts for the equated 
time. 


several debts for their re- 
spective times 


352 ARITHMETIC 


Rule.— 
1. Multiply each debt by its term of credit. 


All the debts must be in the same unit, and all the terms of credit 
in the same unit. 


2. Add these products. 

3. Divide the sum of these products by the sum of the 
debis. 

4, The quotient is the equated time. 


Note.—1. This is the method used in business. 
2. It is only approximately correct. 
3. To be equitable the various times of payment must not 
be widely apart. 
4, The method is in favour of the payer, and not of the 
payee, for— 
Banker’s discount (instead of true discount) is deducted from the pay- 


ments before they fall due, and banker’s discount is greater than true 
discount. 


To find True Equated Time or the True Average 
Term of Credit. 


Example.—Find the true equated time of £410 due 6 mths. hence, 
and £810 due 3 mths. hence at 5 % per annum. 


P.V. of £410 due 6 months hence = £400 


P.V. of £810 ,, 3 a = £800 
Sum of face values = £1220 
Sum of present ,, = £1200 


We have to find in what time £1200 will amount to £1220 at 5% per 
annum. 
100 XI _ 100 x 20 


Ne = ph ~ 7200 x5. 3 


Ans. 4 year. 


Rule—(1) Find the P.V. of each debt, and add these values. 

(2) Find the sum of the face values of the debts. 

(3) Then find the time necessary for the sum of the present values 
to amount to the sum of the debts. 


THHORY. 
1. Define equated time, term of credit, average term of credit, and 
true average term of credit. | 
2. State and explain the rule for equation of payments. (B.M.A.) 


3. Give the rule for finding the true average term of credit, and 
illustrate your answer by an example. | 
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EXERCISE LI. 
Equation of Payments. 


1. A owes B £2000 due in 9 mths. He pays £900.in 4 mths., £400 
in 6 mths., and £100 in 7 mths. When is the remainder due ? 


2. Give the equated time for paying the following bills: £500 at 
3 mths., £250 at 4 mths., £150 at 8 mths., £800 at 16 mths. 


3. Find the equated time of payment of £750, of which half is due 
in 4 mths., 3 in 5 mths., and the rest in 6 mths.? (C.S.) 


4. If £40 be due at the end of 6 mths., £60 at the end of 12 mths., 
and £80 at the end of 15 mths., what is the equated time for paying the 
whole? (L.M.) : 


5. Three debts of £200, £300, £400 are due respectively in 3, 4, 5 mths. 
If the interest is 5 per cent. per annum, what amount will pay them 
off at the end of 4 mths.? (C.8.) 


6. Find the sum which, paid 2 yrs. hence, will be an equivalent for 
£250 due in 5 mths., £40 due now, and £800 due in 18 mths., the rate 
of interest being 5 per cent. in each case. 


7, A man owes £10000, which is due in 9 mths. If he pays } in 
4 mths., 7, in 5 mths., and 2 of the remainder in 6 mths., when should 


he make the final payment ? 


8. A man owes four debts, the equated time of payment of which is 
6 mths. hence. The first debt of £500 is due in 3 mths., the second 
debt of £450 in 4 mths., the third of £300 in 5 mths, When was the 
fourth debt of £1000 due ? 


9. Find the true average term of credit of £610 due in 4 mths., £620 
due in 8 mths., and of £1225 due in 5 mths., the rate of interest being 
5 per cent. 


10. Find the true average term of credit of £505 in 3 mths., £612 in 
6 mths., and £1030 due in 9 mths. at 4 per cent. 


CHAPTER XXXV. 
AVERAGES. 


A ‘‘mean” or “average” implies, in its most widely 
accepted sense, a number that is intermediate to other numbers ; 
and this number is of such magnitude that if it were substituted 
for each of the given numbers, the sum total would be the same 
in each case. 


Example.— ind the average of 1, 2, 3, 4, 5, 6, 7, 0, 8. 
Sum =1+24+34+4454+647404+8 =36. 
Number of terms = 9 : 
.. the average = 36+9=4 Ans. 
Proof— 
1+ 2-+3-- 4-64-6474 
and4+4+4+4+4441+44 
dd 


Rule.—Add the given terms, an 
number of terms. 


The above is a case of simple averages, but more involved cases 
may present themselves. Consider the following :— 


Example.—A man keeps four grades of bicycles, their prices being 
respectively £22, £18, £15, and £10. Supposing his stock to consist of 
70, 200, 350, and 500 machines respectively, find the average price of 
each machine. 


Total price = £(22 x 70) + £(18 x 200) + £(15 x 350) + £(10x 500) 
£1540 + £3600 + £5250 + £5000 = £15390 
and the average price = £15390 ~ (70 + 200 + 350 + 500) 
= £15390 + 1120 
= £13°8;. Ans. 


- THEORY. 


1. Define average. (C.M., Ks.) 
2. What is meant by “the average of 7 numbers’? (p.7.) 
3. Give the rule for ascertaining “average.” (c.w.) 


AVERAGES 355 


EXERCISE LII. 


To find Average. 


1. Find the average of £27, £34, £6, £49, £53, £19, £23, and £5. 


2. A cricketer made the following scores in successive innings: 96, 
57, 45, 18, 0, 9, 57, and 6. What was his average ? , 


8. Find the average temperature for a week, when the daily readings 
of the thermometer were 59°, 62°, 65°, 57°, 58°. 61°, 65°. 


4, Ata certain examination there were four candidates at the age of 
19, three at 20, two at 21, and three at 23. Find the average age of 
the candidates. (P.T.) 


5. The average daily number of persons passing a certain point on 
Sunday, Monday, Friday, and Saturday is 1765. The average daily 
number passing on Tuesday, Wednesday, and Thursday is 1541. What 
is the daily average for the whole week? (c.S.) 


6. Three fields are bought for £240, £270, and £470 respectively ; 
they contain 4 ac. 3rds., 5ac. 2 rds., 9 ac. 3 rds. respectively. Find 
the average cost per acre, and the highest-priced field. (K.8.) 


7. My travelling expenses for a week are as follows: Monday, 17 mi., 
1s. 6d.; Tuesday, 15 mi., 1s. 10d.; Wednesday, 18 mi., 1s. 7d. ; Thursday, 
10 mi., 1s. 3d.; Friday, 10 mi., 6s.; Saturday, 12 mi., 4s. 4d. Find the 
average cost to the nearest farthing per mile for my travelling. (P.T.) 


8. Find the average per year of the following incomes (a year = 12 
mths.; a month = 4 wks.; a week =7 days): (1) 83d. per day; (2) 
half a guinea a week; (3) £5 a month; (4) 50 guins. a year. (p.T.) 


9. At a sale of cattle this year, 354 head of cattle were sold for 
£8732. What was the average price paid per head? At a similar sale 
last year the average price per head was £3 16s. 10d. greater than that 
obtained this year, and 279 head of cattle were sold. For what sum 
were the cattle sold last year? (C.P.) 


10. Taking the prices per quarter of wheat for the five years com- 
mencing 1837 to be £2 15s. 10d., £3 4s. 6d., £3 10s. 8d., £3 6s. 4d,, and 
£3 4s. 4d.; also for the five years ending 1889 to be £1 12s. 10¢@.°£1 11s., 
£1 12s. 6d., £1 11s. 10d., and £1 9s. 9d., determine how much less the 
average price per quarter for the latter 5 yrs. is than half the average 
price per quarter for the former 6 yrs. (C.P.) 


To find Number or Amount. 


11. The population of five parishes being 1236, 452, 864, 516, 3430 
respectively, find what the population of a sixth parish must be, that 
the average population of the six may be 1256°5. (P.T.) 


12. A sum of £132 18s. 4d. was distributed among a certain number 
of persons. One half of the number received £1 3s. 9d. each, and the 
other half £1 4s. 7d. each. Find the number of persons. (K.8.8.) 


13. An army of 12,000 consists of black men and white men. The 
average height of a black man is 5 ft. 11 in., that of a white man 
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5 ft, 10 in., that of the army 5 ft. 102 in. Find the number of white 
men in the army. Reason clearly. (P.7.) 


14. The weights of four rowers in a boat are respectively 10 st. 6 lbs., 
10 st. 9 lbs., 11 st. 1 1b., and 11 st. 3 Ibs., and the average weight of the 
whole crew, including the coxswain, is 10 st. Find the weight of the 
coxswain. (K.S.) 


15. A cricketer’s average of runs after a certain number of innings 
fo) o>? 


calculated to two places of decimals, was 33°38... per innings. If he 
afterwards plays two more innings and makes in them 21 and 58 runs 
respectively, and so raises his average to 33:91... , how many innings 


has he now played altogether? (c.H.1.) 


16. How many pages of a magazine will a manuscript occupy which 
has 123 pages, each of 28 lines, with seven words per line on an average, 
while a page of the magazine has 46 lines, with ten words per line on 
an average? (S.L.C.) 


17. Six men A, B, C, D, E, F agree with a seventh man G to 
provide a sum of money among them. A, B,C, D, BE, Fare to subscribe 
£10 each, and G is to pay £2 more than the average of the seven. What 
is the whole sum to be provided? (x.s.) 


18. One-sixth of an estate is let at £2 12s. 6d. per acre, five-twelfths 
at £1 11s. Gd., and one-fourth at £1 1s.: the remainder being let for 
£31 10s., the average rate of rent for the whole becomes 28s. per acre. 
Find the rate per acre at which the remainder is let, and the number 
of acres in the estate. (c.s.) 


To find Average Percentage. 


19. If a man receives on the fourth of his capital 3 per cent., on 
two-thirds 5-per cent., and on the remainder 11 per cent., what 
percentage does he receive on the whole? (k.s.) 


20. One-half of a certain sum of money is invested so as to return 
5 per cent., one-third so as to return 6 per cent., and the remainder so 
as to return 8 per cent. interest. What is the average rate of interest 
on the whole? (x.s.) 


21. A man lends £1000 in four sums. If he gets 3 per cent. for £200, 
33 per cent. for £400, and 5 per cent. for £250, what per cent. must he 
get for the remainder, if his average interest is £8 17s. per cent. ? (P.2) 


22. A carpenter supplies a customer with ten deal boards, whose 
average length is 12 ft. 6 in. Two of these boards, 11 ft. 6 in. and 
12 ft. 3in., are objected to, and their places supplied by two others, 
measuring 12 ft. 9 in. and 18 ft. 6 in. respectively. What is the average 
length of the boards now supplied, and the increase per cent. in the total 
length? (P.7.) 

23. The inhabitants of four towns, numbering 6000, 4250, 3500, and 
1250 five years ago, have since increased 5, 10, 15, and 20 per cent. 
respectively. Find (a) the present average population of the four towns, 
and (6) the average increase per cent. (K.8.8.) 


24. Out of 175 samples of milk analyzed, 160 are found genuine and 
15 adulterated with water; viz. six watered 10 per cent. (z.e. 10 per cent. 
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water and 90 per cent. milk), one 20 per cent., three 15 per cent., and 
the rest 5 per cent. Find the average watering per cent. of the samples 
analyzed, including the genuine samples. (C.P.) 


Problems on Schools. 


25. The average age of a school of 600 scholars is 10°75 yrs.; by the 
enrolment of 40 new scholars the average age is reduced to 10°4375 
yrs. Find the average age of the new scholars. (K.S.S.) 


26. In a school the numbers for the week were: Monday morning, 
67; Tuesday morning, 60; Wednesday morning, 65; Thursday morn- 
ing, 63; Friday morning, 62; Monday afternoon, ‘5 more than the 
average of Monday and Tuesday mornings; Tuesday afternoon, 59; 
Wednesday afternoon, ‘5 less than the average of Tuesday ; Thursday, 
the average of Monday morning and Tuesday afternoon: Friday after- 
noon, 60. Find the average attendance for the week. (C.S.). 


27. A school opens at 9a.m. No child is punctual; one comes in 
at 1 min. past 9, two more at 2 min. past 9, three more at 3 min. past 
9, and so on, the number coming in being always equal to the number 
of minutes past 9. The last six children come in at 6 min. past 9. The 
school is dismissed at 12. Find the average time spent by a child in 
school, and the average fine paid by a child at the rate of one penny for 
every minute he is late. (P.T.) 


28. In a certain school, 80 per cent. of the scholars examined pass 
in arithmetic, 4, more in writing than in arithmetic, and ;; more in 
reading than in writing. If the passes in reading number 120, how 
many scholars were examined? (c.w.) 


29. It is found in an elementary school that } of the children are 
absent on an average once in 20 times, } once in 10 times, and the 
remaining 40 children once in 4 times. If the number of children on 
the school registers is the same throughout the year, find the average 
attendance for the year. (K.8.) 


80. A school with 78 boys and 72 girls on the books meet 432 times 
in a year. Ifeach boy loses one meeting in 9, and each girl one in 8, 
find (1) the average attendance of each sex; (2) the total number of 
attendances made by the whole school. (c.w.) 


31. In a certain town 9 schoolmasters receive annual salaries 
amounting to £1109 2s.; 17 mistresses and 19 pupil teachers receive 
salaries amounting to £1602 Os. 8d., the average salary of a pupil 
teacher being one-fifth of that of a mistress, Compare the average 
salary of a schoolmaster and of a pupil teacher. (K.S.) 


82. The average attendance in a school that has met 440 times in 
the year is 120. At six meetings, when the weather was very stormy, 
the actual attendance was 25, 35, 40, 20, 15,45. If these meetings be 
discarded, and the average of the 434 remaining meetings of the school 
be calculated, find correctly, to one place of decimals, the increase in 
the average attendance. (P.T.) 


33. A school is open 457 times in the course of the year, and the 
total number of attendances made by the scholars in the year is 41,587 ; 
but by error the attendances are added up as 41,563, and the number 
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of times the school was open as 467; the consequent loss in grant was 
£1 15s. What would be the correct grant, paid upon the unit average 
attendance ? (c.M.) 


34. In a school which has on its books 250 children uniformly, 

18 per cent. are absent during the former half of the year, 123 per cent. 

during the latter half; in the former there are three weeks of holidays, 

in the latter five. Reckoning the full weekly attendances of a child as 

10, find the average attendance for the year, and the average number 
of attendances made by each child, reckoning 52 weeks to the year. 
(K.S.) 


Miscellaneous. 


35. The mean temperature from the 9th to the 16th of January, 
both days inclusive, was 346°, and from the 10th to the 17th it was 
39°8°; the mean temperature on the 9th was 30°5°. What was it on 
the 17th? (c.s.) 


36. The average weight of the 8 oarsmen in a boat is increased by 
23 lbs. when one of the crew, who weighs 11 st. 12 lbs., is replaced by a 
new man. What is the weight of the new man? (k.s.) 


37. Show that rabbits, pheasants, fowls, and hares can be bought 
(some of each kind) at 1s. 2d., 2s. 9d., 3s. 9d., and 4s. each respectively, 
and the average price be 2s. per head. (c.P.) 


38. The average age of a committee of seven trustees is the same 
as it was five years ago, a younger man having been substituted for one 
of them. How much younger was he than the trustee whose place he 
took? (K.8.) : 


39. A bicyclist ran 44 mi.in 17 min. ; the distance made in the last 
minute was 2 of that made in the first minute; and the distance in 
each successive minute was less than that made in the preceding 
minute by the same quantity. Find the average and the decrease per 
minute. (C.M.) 


40. One-fifth of an estate is let at £1 12s. 6d. per acre, % at £1 10s. 
per acre, 7 at £1 17s. 6d. per acre, and the remainder for £106 10s. 
The average of the whole is £2 an acre. Find the rent at which the 
remainder is let per acre, and the number of acres in the estate. (s.A.) 


41. For a certain year in Bombay the rainfall was 22-7 in. in June, 
23°09 in. in July, 25:8 in. in August, and 12:03 in September. What 
was the total rainfall for those months? The similar rainfall for the 
three succeeding years was respectively 84:06, 80-2, and 81:3. What 
was the average rainfall of those four years for those months? (P.7.) 


42. The rainfall at a certain place for the first 2 mths. of 1895 was 
2°05, and for the same period of 1896 it was 1:18 in.; the difference 
from the mean average for the same period of all previous years on 
record was a deficiency of 1°8 and 2°52 in. respectively. Find for how 
many years previous to 1895 the rainfall had been recorded. (c.P.) 


43. The annual average depth of rainfall for the three years 1879, . 
1880, 1881 at a certain place was 24:98 in.; the sueceeding three years 
it was 29°62. The year 1883 was the rainiest, when there fell 4:8 in. 
more than in 1882, 6°36 in. more than in 1884, and 7:47 more than in 
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1880. The year 1881 was short of the preceding year by only °17 in. 
Find the depth of rain that fell in each of the six years. (R.M.A.)_ 


44, The rainfall of London in the months of April, May, and June, 
1876, was 1:90, 0°94, and 1:27 in. respectively, being in April 0°77 in. 
above, and in May and June 1:46 and 1°78 in. respectively below, the 
average of those months for the previous six years. Find the average 
for these three months, both for 1876 and for the whole seven years, to 
two places of decimals. (K.S.) 


45, If the cost of a passenger to a railway company is 7'56d. inde- 
pendent of distance in addition to ‘58d. per mile, while the average 
total cost is ‘76d. per mile, what is the average length of journey ? 

(s.A.) 


CHAPTER XXXVI. 
ALLIGATION OR MIXTURES. 


Alligation (ailigo = I bind or link) is the rule that determines, 
by a process of linking, the quantities and values of the various 
ingredients in a mixture or compound. 


The rule embraces, not only problems dealing with the quantities 
of ingredients and their prices, but mixtures of all kinds, including 
alloys. It derives its name from the process of linking ingredients in 
the solution of its problems, which may be roughly grouped into two 
main classes— 

1. To find the mean or average of a mixture of several ingredients at 
‘different prices. 


2. To find the proportion in which ingredients must be mixed at specified 
prices to produce a given mixture at a given price. 


I. To find the Mean or Average Price of the 
Mixture. 


Example.—A coal merchant mixes 100 tons of coal at 25s. a ton, 
200 tons at 16s., and 150 tons at 18s. ind the selling price per ton 
of the mixture. 

Cost of 100 tons at 25s. a ton = 2500s. 
si 200 sy ee means jos = OZONE: 
= 150 sae ss, 2 FOS. 


Then 450 tons of the mixture cost 8400s. 


.. 1 ton sells for 8400s. + 450 = 18s. 8d. 
Ans. 18s. 8d. 


Example.—A grocer has equal quantities of two kinds of tea, 
worth 5s. and 4s. a lb. respectively. He takes 4 of each kind and 
mixes tt with the other. At what price per lb. ought the two mixtures 
to be respectively sold? (u.M.) 

First mixture— 

2 of each Ib. will be at 5s., and 4 at 4s. per Ib. 
“. (5s. X 2) + (4s. X 4) = 3s. 4d. + 1s. 4d. = 4s. 8d. 


Second mixture— 
4 of each lb. will be at 5s., and 2 at 4s. per Ib. 
“. (Bs. X 4) + (4s. X 3) = 1s. 8d. + Qs. Bd. = 48. 4d. 
Ans. (a) 4s. 8d.3 (b) 4s. 4d. 
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II. To find the Proportion of the Ingredients. 
1. Two ingredients being given. | 


Example.— How must a grocer mix coffees at Re.1 2as.a viss and at 
Rs.2 10as. a viss to make the mixture worth Rs.2 bas. a viss ? 


Gain per viss by use of | _ f cost of mixture per viss — cost of inferior 
inferior coffee coffee per viss. 


= Rs.2 6as. — Re.1 2as. 
Suen laa. = 20as. 


Loss per viss by use of | _ fcost of better coffee per viss — cost of 
better coffee Re mixture per viss. 


= Rs.2 10as. — Rs.2 6as. 


= 4as. * 


Now, the loss on the better coffee must balance the gain on the inferior 
coffee. If he takes 4 visses of the inferior coffee and 20 visses of the better— 
The gain would equal 20as. X 4 = 80as. Ss .e. the loss or gain on the 
and the loss ms 4as. X 20 = 80as. whole would be nil. 
.. he could take 4 v. at Re.1 2as. and 20 v. at Rs.2 10as.; or 
1 v. at Re.l 2as. ,, 5v.atRs.210as. Ans. 


Note that— 
Gain on inferior coffee : loss on better coffee :: 20as. : 4as. 
or 55% ” 5 9 3° ei das. ; lan. 
No. of visses of . J No. of visses of Sa ; 
and that { inferior coffee §{ ‘ | better coffee \ lan. : das. 


i.e. the quantities taken to form the mixture are in inverse ratio to the prices 
of the quantities above or below the average price of the mixture. 


Example.—d person bought 40 lbs. of sugar of two different sorts 
for £1 5s. 4d. The better sort cost 10d. per Ib. and the worse 7d. per 1b. 
Lind how many pounds there were of each sort. (L.M.) 


; 1 5s. 4d. 
Average price per lb. = ees = 804d. = 72d. 
Gain on better sort = 10d. — 72d. = 22d. 
Loss on worse sort = 72d. — 7d. = 3d. 
Then, mixing in inverse ratio, we have— 
2 of better : 22 of worse 


tt, 3 7 vil 2 


or l i ; 4 
Number of parts = 1+4=5 
hence amount of better sort = } of 40 Ibs. = 8 lbs. 
and F worse ,, = ¢ of 40 lbs. = 32 Ibs. 
Ans. 8 lbs. of better sort and 32 lbs. of worse sort. 


99 


99 


2. Three Ingredients being given, 


Example. — What is the least quantity of coffee at 1s. 4d., 2s., and 
2s. 6d. per lb. respectively which must be mixed to sell at 2s. 2d. per lb. ? 
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Selling or mean price is 26d. 
Gain on 1 Ib. at Is. 4d. = 104. 
1 Ib. at 2s. == 2a. 
.. total gain = 12d. 
Loss on 1 Ib. at 2s. 6d. = 4d. 
and ,, 3 lbs. at 2s. 6d, = 12d. = total gain given above. 
*, mix 1 lb. at 1s. 4d. 
1 Ib. at 2s. \ Ans. 
3 Ibs. at 2s. 6d. 


3. Four or more ingredients. 


Example.— How may a coal mer 
24s., 25s., and 30s. a ton so as to hav 


ant mix coals at 14s., 16s., 18s., 
2a mixture worth 19s. a ton? 


Mean price Prices in 
in shillings. shillings. 
( 14—-, 19s. S.-i BOD 
| 16—, | 19s. — 16&— 3s. 
18- 19s. — 18s. 
2” + 94 | | 24s, — 19s. 
| 25—' | 25s. — 19s, 
L i 30s. — 19s. 
: : Ist gains 5s. 
lst and 6th are mixed { Ri losac d1<: 
: f 2nd gains 3s. 
2nd and 5th _,, \ 5 loses 6s. . 
3rd gains ls. __,, 
3rd and 4th Be 4th loses & Bs 23 4th, for 5 x -= 1x 5s. 


Ans, 11 tons of the Ist; 6 of the 2nd; 5 of the ¢ 
4th ; 3 of the 5th ; 5 of the 6th. 


Linking and Balancing. 


Any number of linkings can be made, so long as the alates is 
preserved. Hach different linking produces a different combination, 
but all the results will be correct; e.g. take the above example and 
make other “linkings” and “ balancings,” one of which is shown 


below. 

Mean price Prices in } On mixing Ist and Sth, 
in shillings. shillings. | there is a gain of 5s. and a 

( 14— 19s. — 14s. = 5s. gain | loss of 6s. 
16- 10s5—16s2 = SSea The mixture will thus 
19 ; 18-\- | 19s,.— 18s. = Sls be in inverse ratio of 5:6, 
} 24- 24s. — 19s. = 5s. loss | viz. 6 tons at 14s. and 5 

2—' | 25:.—19s.= 6s. ,, | tons at 25s. 

\ 30—— 30s.— 193. = 11s. ,, | Similarly, there will be 
/ 5 tons at 16s. and 3 tons 


| at 2438.3; 11 tons at 183. 
| and 1 ton at 30s. 


Ans. 6 tons at 14s.; 5 at 25s.; 5 at 16s.; 3 at 24s. ; 
11 at 18s.; 1 at 30s. 


From this it will be seen that questions containing 3 or more ingredients | 
are indeterminate, i.e. they admit of a variety of solutions. 


The Method of Linkages.—The above method is known as the 
method of linkages, and may be described as follows :— : 
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1. Bring all rates of prices to the same denomination. 

2. Put the given prices under one another in order of magnitude, and 
write the mean price to the left of these given prices. 

3. Compare the prices with the mean price, and put against each price the 
difference between the price with which it is linked and the mean price. 

4, Link the prices in pairs, so that one under and one over the mean price 
shall always go together. If there is an odd price, some one price must be 
linked with two other prices. 

5. The amount of each ingredient in the pair will be in inverse ratio to the 
money which each ingredient of the pair is above or below the mean price. 


4. When the Quantity of one Ingredient is fixed. 


Example.— How should ghee at Re.1 5as., Re.1 8as., Re.1 13as., and 
Rs.2 ver viss be mixed to make a mixture worth Re.1 10as. a viss ? 
There are 30 viss. at Re. 8as. a viss. 


21—, 32—26=6 
26 se 29 — 26=3 |{ Then 3 viss. : 30 viss.:: 1 viss. : 7, where 
29- 26 — 24 = 2 x = 10, i.e. multiply each quantity by 10. 
32—' 26-—21=5 
Ans. 6 X 10 = 60 viss. at 2lannas. 
Poo <x 10 = 30 viss2, eto 
2x 10 = 20 viss. ,, 29as. 
5 X 10 = 50 viss. ,, 32as. 


In such cases it will be noticed that linkages are used, and then pro- 
portion. 


5. When the whole Quantity is fixed. 


In the above example, let the whole. quantity be 160 visses. Link- 

ing the quantities and solving in the usual way, we get 6, 3, 2, and 

5 visses respectively. This gives a total Gf 16 visses. Then the 160 
= Visses must be composed of (160 + 16) groups, or 10 groups of 16 visses 
each; hence the total at each price will be 10 x 6,10 x 3,10 x2, 
10 x 5 respectively. 


Or, as before, we could proceed by proportio 
16v. : 160v. :: 6v. : x, where z = 60 vis 
16v. ; 160v. :: 3v. : x, where x = 30 viss 


Mixing Spirits. 3 

Proof Spirit.—Common spirits (brandy, whisky, ete,) are about 
half alcohol and half water; but proof spirit contains 57:27 % of 
alcohol by volume, and 49°50 % by weight. 

A spirit is said to be above proof when it contains a greater per- 
centage, and below proof when it contains a smaller percentage of 
alcohol than that contained in proof spirit. 

In working problems, “‘ proof ”’ is taken as unity, and the “ above-proof ”’ 


strengths are added to, and the “ under proof ”’ strengths taken from unity, 
and the results are expressed as decimal quantities ; ¢.g.— 


49 above proof becomes | + ‘49 = 1°49 
35 under ” 1— ‘35 = *65 
Example.— How much spirit 10 % above proof must be added to a 
blend of 40 gals. 20 % above proof and 50 gals. 5 % above proof to 
produce a miatwre 11 % above proof ? 


» and so on, 
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The blend gives (40 + 50) gals., or 90 gals. 
The strength of the blend is— 


(40 x 120) + (50 X 105) Se 4800 + 5250 — 19950 — 12 


90 90 
The strength of the mixture is to be 100 + 11 = 111 
111 J 110 111 —110=1 below mean strength 
1112 1112 — 111 = 2 above = 


The spirit to be mixed is 1 below the mean strength, and the “ blend ” is 2 
above the mean strength, therefore the quantities will be in inverse ratio, 
viz. $ of a gal. of the spirit must be mixed with 1 gal. of the blend. 


Ans. 3 gal. 10 % above proof with 1 gal. of the blend. 


Pouring from One Vessel into Another. 


Example.—TI have one bottle full of brandy, and a second of the 
same size half full of water. I fill up the second bottle from the first, 
shake tt, and then pour back into the first bottle till it is full. Again 
I shake the first bottle, and pour from it into the second till it is full. 
What is the proportion of brandy in the second bottle 2 


Let B = bottle full of brandy ; and let W = bottle full of water. 


Brandy Bottle. Water Bottle. 
Ist operation, 1B 3W 
2nd << 3, eee LW +4B 
ard, «= B+ $QW + 4B) HAW +48) 


=o 
4th, 213B + 43(W +4B)} | GW +4B)+43B+4+4aW +B] 
| which givesthe proportionsof liquids 
; in the second bottle. 


Simplifying the quantity on the right-hand side, we get— 
IW +18 + {4B + 2W + 1B}] = 4W + 1B 41B44W 4B 
in the second bottle 
-. proportion of brandy = 1B + 1B + 4B = 8B 
Ans. 3 brandy in the second bottle. 


Example.—An alloy of silver is mixed with an alloy of gold in the 
proportion of 11°4 to 26. The percentage of dross in the silver alloy 
is 13°5, and that in the gold 17°35. Find the percentage of dross. 


Sum of proportional parts = 11:4 + 2°6 = 14 


The proportional part of dross in silver = a = 1539 
: 1 ee 
and in gold = 100 c= 24511 


total proportional parts of dross = 1°539 + -4511 = 1:9901 


If there are 19901 parts dross in 14 parts alloy, how many parts dross 
are there in 100 parts of alloy ? 


14: 100 :: 1-9901 ; percentage of dross = = = 14-215 


Ans. 14:215 %. 


~ 


ALLIGATION OR MIXTURES 365 


THEORY. 


“1. Define alligation. What does the rule embrace, and into how 
many classes may its problems be roughly divided ? 


2. Explain fully what is meant by the method of linkages. 


3. Whenare problems in alligation said to be indeterminate ? Show 
by an example what is meant by the statement. 


4. What is the meaning of ‘proof spirit” ? Define, with examples, 
“ above proof” and ‘‘ under proof.” 


EXERCISE LIII. 
ALLIGATION. i 


To find Price of Part or Whole of a Miature. 


1. A grocer buys 30 lbs. of tea at 2s. a pound, and 50 lbs. of tea at 
2s. 8d. a pound, and, after mixing them, sells 40 lbs. of the mixture at 
9s. 4d.a pound. At what price per pound must he sell the remainder 
that he may neither gain nor lose? (0.W.S8.) 


2. If I purchase 2276 lbs. of coffee at 1s. 9d. per pound, and mix it 
with chicory at 4)d. per pound in the proportion of 3 parts by weight of 
the former to 2 parts of the latter, at what price per pound must [ sell 
the mixture to gain 25 per cent., and what will be the gross amount of 
my profit on the transaction ? (I.1.) 


3. A grocer has three kinds of tea. He sells some of one kind at 
1s. 3d. per pound, and half that quantity of another kind at 1s. 6d. 
per pound. His sales of the third kind equal in weight those of the 
other two kinds together. The average price of all the tea sold being 
1s. 2d. per pound, find the price of the third kind. (c.s.) 


4, How must a grocer mix sugar at 9 annas per viss with sugar at 
5 annas per viss so as to sell the mixture at 6 annas per viss without 
profit or loss ? 


5. Two mixtures of milk and water, containing 34 per cent. and 
46 per cent. of milk respectively, are mixed together in the proportion 
of 2 gals. of the latter to 1 gal. of the former, and the resulting 
mixture is sold at 4d. a quart. If 9 gals. of milk cost 10s., what per- 
centage is gained on the original outlay, after deducting from the profits 
the cost of delivering the mixture to customers, which amounts to 2d. 
a gallon? (0.J.) 


6. A merchant mixes two qualities of tea in the proportion of 2 parts 
of the cheaper to 1 part of the dearer, and, by selling the mixture at 
9s. 11d. per pound, he gains a.profit of 25 per cent.; on mixing them in 
the proportion of 3 parts of the cheaper to 2 parts of the dearer, and. 
selling the mixture at 3s. per pound, he gains the same rate of profit. 
Find the prices at which he bought. (.M.) 


7. How must a grocer mix sugar at 4as., 5as., and 6as, per viss 
to get a mixture worth 44as. per viss? 
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8. A merchant mixes teas worth Re.1 4as. and ld4as. per 1p. 
respectively, in the ratio of 2 lbs. of the latter to 1 lb. of the former, 
How much will he gain or lose per cent. by selling the mixture at Re.1 
2as. per lb. ? 


9. A grocer mixes four kinds of tea which cost him ldas., 12as., 
Yas., 6as. per lb. respectively, in the proportions of 2, 3, 4, 7 respect- 
tively. Find at what rate he must sell the mixture so as to gain 25 per 
cent. on the whole. 


10. A shop-keeper purchases 40 visses of sugar at das. 9p. per viss 
and 30 visses of second sort at 4as. 7p. a viss. He mixes them and 
sells the mixture at 5as, a viss. Find his gain or loss per cent. 


11. Three kinds of tea are mixed in the proportion of 1: 2:3. The 
value of the mixture is 2s. 9d. per pound. If only half of the second 
kind had been used the mixture would have been worth 2s. 6d. per 
pound. But if all the second kind had been used and only half of the 
third kind, the mixture would have been worth 3s. per pound. Find 
the worth per pound of each kind of tea. (C.H.L.) 


12..A grocer directs his boy to mix 20 lbs. of tea, bought at Is. 6d. 
@ pound, with 30 lbs. bought at 2s. a pound, and proceeds to sell the 
mixture made, at a price per pound intended to produce 662 per cent. 
profit. After selling 20 lbs., the grocer finds that the boy has used tea 
bought at 2s. 6d. a pound instead of tea bought at 2s. At what price per 
‘pound must the rest of the mixture be sold, if a net profit of 663 per 
cent. is to be made on the whole actual transaction ? (c.w.) 


To find Proportion of Ingredients in a Miature. 


13. If coffee and chicory cost £8 10s. and £2 10s, per cwt. respectively, 
what is the proportion of coffee and chicory in a mixture of which 7 lbs. 
are worth 7s. 6d.? (R.M.A.) 


14. A grocer buys two kinds of tea costing respectively 1s. lid. and 
1s. 7d. per pound. In what proportion must he mix them go as to make 
a profit of 15 per cent. by selling the mixture at the rate of 4 lbs. for 
ds. 9d.?  (R.M.A.) 


15. How must a shopkeeper mix four sorts of vinegar worth 8as., 
10as., l5as. and Re.1 a bottle so as to obtain a mixture at 18as. a 
bottle ? 


16. A grain dealer bought equal quantities of rice, wheat, and 
barley, for which he paid Rs.3 8as., and Rs.2 8as., and Rs.2 per 
maund respectively. If he paid on the whole Rs.1200, what quantity 
of each grain did he buy ? 


17. A tradesman professes to retail his goods at a profit of 10 per 
cent. Hemixes with them } of their weight of an inferior article which 
cost him only of the price of the better. How much per cent. profit does 
he make? Also, in what proportion must he mix them in order to gain 
20 per cent.? 0.8.) 

18. What weight of tea worth 8s. 6d. per pound should be mixed with 
60 Ibs. of tea worth 2s. 8d. per pound, so that, when the mixture is sold 
at 2s. 9d. per pound, there may be (1) neither gain nor loss, (2) a gain 
of 10 per cent.? (C.P.) 
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19. A merchant mixes two sorts of, coffee worth Rs.2 4as. and 
Re.1 14as. per lb. respectively, and by selling 120 lbs. of the mixture 
for Rs.247 Sas. loses Rs.3 12as. on his outlay. Find the ratio of 
the coffee-seeds in the mixture. 


90. A merchant mixes two kinds of ghee worth Rs.1 6as. and 
Re.1 1 anna a viss respectively, and by selling the mixture at Re.1 
Bas. a viss gains 5 per cent. on his outlay. Find the ratio of the 
mixture. ; 


21. How much coffee at Rs.3, Rs.2, and Rs.1} per viss respect- 
ively with 20 viss at Rs.5 per viss will make a mixture worth Rs.2 
10as. Sp. per viss ? 


22. How many pounds of tobacco at 5s. 3d. per pound must a 
tobacconist mix with 4 lbs. at 6s. 6d. that he may sell the mixture 
at 7s. 10d. per pound and gain 33} per cent. upon his outlay? (C.PR.) 


23. How many pounds of water must be added to 100 lbs. of moist 
tobacco, which already contains 14 per cent. of water, in order that 
it may contain 380 per cent, of water? (8.A.) 


24. Green tea is mixed with 11 cwt. 14 lbs. of black in the proportion 
of } to the pound of the mixture. Determine how much green is used. 
If the black tea be worth 2s. 6d. a pound, and the green 4s. a pound, 
and the mixture be sold at 3s. a pound, what extra profit will be gained ? 


(c.P.) 


25. A wine merchant has bought a number of bottles of claret at 
85s. per dozen, and another number at 21s. per dozen, which he 
mixes and sells at 30s. a dozen, without gaining or losing by the trans- 
action. In what proportion were the two wines mixed? (C.M.8.) 


26. One liquid contains 22! per cent. of water, another 27 per cent. 
A glass is filled with 5 parts of the one liquid and 7 parts of the other. 
What percentage of water is in the glass ? (C.8.) 


27. Two gallons of a mixture of spirit and water contain 12 per 
cent. of water, and are added to 8 gals. of another mixture con- 
taining 7 per cent. of water; to the whole is then added } gal. of 
water. Find the percentage of water in the resulting mixture. (K.S.) 


Problems on pouring Liquids from One Vessel into Another. 


28. Two casks, A and B, contain 8 and 3 gals. of wine, worth 18s. 
and 15s. per gallon respectively. One gallon is taken from A and put 
into B, and then 1 gal. is taken from B and put into A. Find the 
worth per gallon of the wine in each cask. (0.M.) 


29. A wine-glass is filled with a mixture of spirit and water in the 
ratio of 1 of spirit to 4 of water; another glass of the same size is filled 
in the ratio of 2 of spirit to 5 of water. Find the ratio of spirit to 
water when the contents of the two glasses are mixed in a tumbler. 


(K.8.) 
30. A person fills a glass with medicine and drinks } of it. He 
then fills up the glass with water and drinks 4 of it. Again he fills up 
with water and drinks 1. How much of the medicine does he drink 
altogether, and how much each time? (c.8.) 
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31. A vessel is full of a mixture of spirit and water, in which there 
is found to.be 17 per cent. by measure of spirit. Ten gallons are drawn 
off, and the vessel is filled up with water, The proportion of spirit is 
now found to be 15} per cent. How much does the vessel hold ? (C.s.) 


32. Two pint measures are filled with milk and water; in one the 
ratio of milk to water is 6 to 1; in the other 7:1. If the contents of 
each be emptied into a quart measure, find the ratio of milk to water 
in it. (K.8.) 

33. Two casks of 48 and 42 gals. are filled with mixtures of wine 
and water, the proportions ‘being 13-37% and 18°17 in the two casks 
respectively. If the contents of the two casks be mixed, and 20 gals. 
of water added to the whole, what will be. the proportion of wine to 
water in the result ?. (cs) Gree Bes : 

34. A wine merchant: mixes in a-vyat-27 gals. of wine at 15s. a 
gallon, 33 at 20s., and 25. at 22s. . He then draws off 15 gals. of the 
mixture, and adds to the remainder 10-more gallons at 15s. a gallon. 
What is the value per gallon of the. mixture now in the vat ? (c.s.) 


at 
vn ys 
142M. 


86. From a cask of wine, containing 64 gals., 8 gals. are drawn out, 


and the cask is filled up with water; if the same process is repeated a 
second, then a third. time, what wil e.-the number of gallons of wine 


much as the second contains ; each now has 16 gals. How much had 
each at first? (c.s.) ; 


39. A wine merchant purchases an 18-gal. cask of spirit at 12s. per 
gallon, from which he draws off 2 gals. and fills it up with water. He 
then draws off enough to fill a 43-gal. cask and fills it up again with 
water. From this a 9-gal. cask is next filled, after which, having 
returned the 2 gals. first taken, he fills it wp with water for the last- 
time. What profit does he make on each cask by selling the smallest 
at 16s. per gallon, the largest at 9s.,and the other at 14s.? What is 
the gain per cent. on the whole transaction ? 


40. A cask is filled with spirits; 3 of the contents is drawn off into 
another equal cask, which is then filled up with water. The first cask is 
then filled up again out of the second one, and then the second one is 
filled up again out of the first. Find what proportion of spirits the 
second cask finally contains. (L.M.) 
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Al. From a vessel filled with alcohol, } of its contents is removed, 
and _-the vessel is then filled up with water. If this be done five times in 
succession, what proportion of the alcohol originally contained in the 
vessel will have been removed from it? (L.M.) 


42. There are four vessels of equal capacity; the first is filled with 
spirit to the extent of }, the second to §, the third to j, and the last to 3. 
The first is then filled up with water, and from this mixture the second 
is filled up, again from this second mixture the third is filled up, and in 
like manner the fourth from the third. What proportion of spirit to 
water is there in the fourth vessel? (R.M.A.) 


43. There are four vessels of equal capacity: 1 part of the first, } of 
the second, | of the third, and } of the fourth are filled with spirit ; the 
first is then filled up with water, then the second is filled from the first, 
“next the third from the second, and lastly the fourth from the third. If 
the mixture in the fourth vessel contains now 2 gals. of water, what is 
the capacity of each vessel? (0.8.L.) 


Problems on Alloys. 


44. If 9 oz. of gold, 10 carats fine, and 5 oz., 11 carats fine, be mixed 
with 6 oz. of unknown fineness, and the fineness of the resulting mixture 
be 12 carats, what was the unknown fineness?  (C.s.L.) 


45. In a sovereign 1 part in 12 of the metal used consists of an alloy 
worth 3d. an ounce, and the rest is pure gold worth £3 17s. 103d. an 
ounce. If the metal in a sovereign is just worth £1, what is the weight 
of pure gold in 257 sovereigns? (0.S.L.) 


46. If the silver coin of Britain is made of 87 parts of pure silver and 
3 parts of copper, anda pound Troy of this metal is coined into 66s., 
find the weight of pure silver in a shilling. (c.s.) 


47. An alloy containing 7 times as much gold as silver is worth 3 
times as much as one that contains 8 times as much silveras gold. In 
what ratio must these alloys be mixed to form one worth £2 10s. an 
ounce, gold being worth £3 17s. 11d. an ounce? (0.8.L.) 


48. If 1 1b. of metal, containing copper and zinc in the ratio of ‘84 
to ‘16, be mixed with 2 lbs. containing the same metals in the ratio of 
‘15 to 25, find how much copper and zinc there is in the mixture. 

(0.8.L.) 


49. A goldsmith has four kinds of gold, which are 24, 10, 18, and 15 
carats fine respectively, and wishes to have 126 oz. of 17 carats. How 
much must he take of each kind? 

50. A person melts 12 oz. of gold 21 carats fine, 18 oz. of gold 16 
carats fine, 16 oz. of gold 17 carats fine, and 5 oz. of gold of unknown 
fineness. If the mixture be 18 carats fine, find the degree of fineness 
of the 5 oz, of gold. 


CHAPTER XXXVII. 
FOREIGN MONEYS. 


The Latin Union.—France, Italy, Belgium, Switzerland, 
and Greece form what is known as the Latin Union. 

In these countries the gold and silver coins (with the exception of 
the Italian 2 lire, 1 lire, and } lire) are alike in weight, size, and 
fineness, and (with the exception of the Italian pieces mentioned) the 
coins of one country are legal tender in the others. 

Spain, Servia, Roumania, and Bulgaria have virtually the same 
coinage as the Latin Union, but have never formally joined it. 


The coinage of the Latin Union is based upon the French 
coinage. 

French Coinage.—The unit is the franc (fr.), which is equal 
to 100 centimes(c.) The coins are: Gold, 20 fr., 10 fr. ; selver, 
5 fr., 2 fr., 1 fr., 50 c. 3 bronze, 10 c., 9 Cc. 

The bronze coins are not accepted in the Latin Union ; only 
the gold and silver ones. 

Roughly speaking, £1 = 25 francs, and 1 franc = 93d. 

The units and sub-units have different names in different 
countries. 3 


France 

Belgium Francs Centimes 
Switzerland 

Italy Lires Centesimi 
Greece Drachmai Lepta 
Spain Pesetas Centimos 


American Coinage.—Just as the monetary system of 
the greater part of South Hurope is based on the French 
system, so the money of the New World may be said to be 
based upon the coinage of the United States, with this im- 
portant proviso, however, that the coins of one country are not 
legal tender in the others. 

United States—Unit: the dollar (worth nearly 4s. 2d.), 
which is divided into 100 cents. 

Chief Coins.—Gold, 25 dollars, 5 dollars. Silver, dollar, the 
“quarter” (25 cents). Nickel, 10 and 5 cents. 
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Canada has the same system as the United States. 

Central and South America (except Brazil and Mexico) have 
asimilar system. The unit is the peso (worth about a dollar), 
and this is divided into 100 centavos. 


Germany.—The unit is the mark (worth just a little less 
than a shilling), which is divided into 100 pfennigs. 

Chief Coins.—Gold, 20, 10, and 5 marks. Silver, 5, 2, and 1 
marks, 50 and 20 pfennigs. Nickel, 10 and 5 pfennigs. 


The Chief Coins of other Countries are shown in the table 
below :— 


| Value of unit 
Country. Unit. Chief subdivisions. in English 
| money. 
Bes Os 
Spain re ane peseta = 100 centimos O 94 
Denmark ... J 
Sweden... 5 krona = 100 Gre Vee A: 
Norway ... a3 
Holland _... rs eatiee | = 100 cents 1223 
listria <>: ap krone = 100 heller 0 94 
LCL Sie re rouble = 100 kopeks 30 
aurkey.— ..., ep pound = 100 piastres 18-0 
Japan se a yen =* 100 sen 4 0 
Portugal ... a7 milreis = 1000 reis 4 6 
China bg re tael = 1000 cash Bo 


—_—— —— o 


British Empire.—English money is current in Australia 
and New Zealand, the West Indies, and South Africa. Canada 
has a special currency. In the Straits Settlements and Hong 
Kong a British dollar (equal to the Mexican dollar and the 
Japanese yen) circulates. In Ceylon the rupee is divided 
on the decimal system into 100 cents. Besides the English, 
the Indian is the only important non-decimal coinage. 


EXCHANGE. 


If Mr. Black (of London) owes M. Noir (of Paris) the sum of 
£1000, he could discharge the debt— 

(1) By sending bullion (i.e. bars of gold) to the value of £1000. 

(2) By sending goods to M. Noir to that amount (#.e. by barter). 

(3) By sending specie (t.e. gold coins). 

(4) By means of a bill of exchange. 

Methods (1) and (2) are rarely employed, so we will proceed to 
examine methods (3) and (4). 
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The standard coin of England is the sovereign ; of France, the 
napoleon (or 20-franc gold piece). Mr. Black owes a debt to M. Noir, 
and, assuming that this debt is to be discharged in specie, it becomes 
uecessary to make a comparison between the standard coin of England 
and that of France. 

This has been done by carefully estimating the quantity of pure 
gold in the standard coin of each country. Applying this test, it is 
found that one English sovereign contains as much pure gold as is 
contained in 1:261075 French napoleons, ¢.e. £1 = 25°2215 francs, and 
this is termed the par of exchange. 

Par of Eachange.—Since the value of a digit in the third decimal 
place is only so many thousandths of a coin worth about 93d., in busi- 
ness, the fact that £1 = 25°22 francs is said to be the par of exchange, 
and the other decimals are disregarded. The par of exchange shows 
the intrinsic value of one coin as compared with another, and depends 
entirely on the weight of pure gold in the standard coins of the two 
countries concerned. 

If exchange is at par, Mr. Black can settle his debt of £1000 with 
M. Noir by presentation in Paris of 25220 francs. 

Rate of Eachange.—But owing to various causes, it rarely happens 
that exchange is at par. M. Noir might be willing to accept 25000 
francs in payment of the debt, or he might require 25300 francs. In 
the former case the rate of exchange would be said to be /ow in Paris, 
and in the latter case high. 

Bills of Exchange.—Specie is rarely transmitted from one merchant 
to another. A bill of exchange is the commonest medium for the 
settlement of accounts. : 

Thus, Herr Schwartz (of Hamburg) buys goods from Mr. Black 
(of London) to the value of £100. Mr. Black draws a bill on Herr 
Schwartz for £100 in the form shown below. He sends Schwartz the 
bill, asking him to accept it, which Schwartz does by writing across the 
bill, “ Accepted, payable at (name of Schwartz’s bankers), J. Schwartz.” 


Form of a Foreign Bill. 


£100. London, 8th January, 1907. 
Three months after date pay to my Order the sum of One Hundred 
pounds, value received. 
WILLIAM BLACK. 
To Herr J. Schwartz, 
16, Steinbuhlerstrasse, 
Hamburg. 


Now, we will further suppose that Mr. Black buys goods to the 
value of £100 from Heir Weiss (of Hamburg). Black hands Weiss 
the bill as payment, and, when it becomes due, Weiss presents it to 
Schwartz for payment. 

Thus Schwartz has settled his debt with Black, and Black has 
settled his debt with Weiss, and no money has passed from England 
to Germany, or from Germany to England. 
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But it is only in theory that things work out so easily. Black 
might find it aifteult to discover a man in Germany from whom he 
could buy exactly £100 worth of goods. In practice, Black would take 
his bill against Schwartz to a banker (or to a bill broker), who would 
exchange it for money, and to discharge his debt to Weiss he would 
probably buy a bill from the same broker. 

The amount Black would get for his £100 bill, and the amount he 
would have to pay for a bill, would be regulated by the rate of ex- 
change less a deduction for the banker’s or bill broker’s commission. 

Long and Short Rates of Exchange—A bill which is payable on 
presentation (7.e. without delay) is said to be payable “at sight.” 
Quotations for bills payable at sight are quoted at “short rates.” 

Quotations for bills payable at some distant date are given at ‘‘ long 
rates.” 

The difference between “long rate”? and “short rate” is the 
discount (at the current rate per cent. for discount) for the time named 
_in the “ long rate.” | 

The rates of exchange are published in the press, and are given for 
London and important foreign trade centres. Below are given some 
rates of exchange from a daily paper. 


Previous | Latest 


quotation. | quotation. 
Paris (cheque) e a a eae | 20. L14 25.114 
Berlin (sight) de Fs of ... | 20.45-444 | 20.404 
Hamburg (sight)... sf oe . | 20.484 20.44 
Amsterdam (sight) ... at re ee Aeoloe 12.123 
Brussels (cheque) ... or Sf va) 25.174 25.18 
Vienna (sight) # dss . | 28.924 23.92 
Barcelona (sight) ... es ce oes O 33.90 
Lisbon (sight) ae Pe a ve | A2qly 42.1, 
Rome (sight) wy ae ay ecco 25.11 
St. Petersburg (three months) __... ed, O«OU — 
Constantinople (three months) __... ee 10.50 Holiday. 
Caleutta (T.T.) _... ep as on pl/4 1/4 
Bombay (T.T.) an si oi ... | 1/8 81-82 | 1/8 31-32 
Hong Kong (T.T.) ... ida za eee oly Ae 1/733; 
Shanghai (T.T.) woes. eee ae 2/23 
Singapore (four months) ... he al! 1/78 1/735 
Yokohama (four months) ... he ens heel 2/1 
Rio de Janeiro (90 days’ sight)... pele daoad,.| 12 1-32. 
Valparaiso (90 days’ commission) ... a Me er | 16 9-82d. 
Buenos Ayres Gold Premium  ......_-| 127.80 ~—|-:127.40 
New York Cable Transfers i ws | 4.872 | 4,872 
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A few notes on the above will be of interest to the student. 

In some cases the value of £1 in the foreign coinage is given: vide Paris, 
Berlin, Hamburg, Amsterdam, Brussels, Vienna, Barcelona, Rome, New 
York, Thus, Paris 25.11} means 25 frances 114 centimes for £1; Hamburg 
20.45 means 20 marks 45 pfennig for £1; New York 4.872 means 4 dollars 
87? cents. for £1. 

In other cases the value of the principal foreign coin is given in pence, or 
shillings and pence. Thus, Lisbon (sight) 424,, means 42;,d. for 1 milreis; 
Calcutta 1/4, means Is. 4d. for 1 rupee. T.T. means telegraphic transfers. 

Hong Kong 1/74, means price per dollar; similarly Singapore, but with 
discount for four months. Yokohama 2/1, means 2s. ld. for 1 yen; Shanghai, 
price per tael (Mexican dollar); Rio, price per milreis; Valparaiso, price 
per silver dollar. 

In the case of St. Petersburg, the quotation shows the number of roubles 
and kopecks per £10. 

Buenos Ayres Gold Premium 127.30 means that 100 in gold = 227.30 face 
value in paper. 


Example.—Convert 550 Italian lire into Dutch florins, a lire 
being equivalent to 94d., and a florin to 20d. 


550 lire = 93d. x 550 


20d. =e 
1d. = ay fi. 
1 x 94 x 550 
93d. x 550 = 5 fl. = 261} fl. Ans. 


Example.—A sight draft on New York for $7200 sold in London 
for £1477 10s. What was the course of exchange ? 
$7200 = £14773 
14774 
2) z 
$l= sf 700 = 48: lad. 
$l = 4s. ld. Ans. 


Example.—Iind the face value of a bill due at sight on Paris 
which sold in London for £2000, the exchange on Paris being 25°17 fr. 


li £1; = 2oieie 
then £2000 = 2600 x 25°17 fr. = 50840 fr. 
Ans. 50340 fr. 
Example.— Sight bills on London are quoted at 25:30 fr. in Paris, 
and bills at 2 months at 25:10 fr. Find the rate of discount. 
If the market discount for 4 yr. on 25°80 fr. be ‘20 fr. 
then 7 a 1 re 1S 1s2sfe3 
Hence the following proportion :— 
25°30 : 100: : 1:2 : rate of discount 
ae BA Ga ik a ETE 


Example.—A person in London owes another in Petersburg 460 
roub., which must be remitted through Paris. He pays the requisite 
sum to his broker when the exchange between London and Paris is 
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23 fr. for £1, and between Paris and Petersburg 2 fr. for 1 roub. 
The remittance is delayed until the rates of exchange are 24 fr. 
for £1 and 3 fr. for 2 roub. What does the broker gain or lose by 
the delay ? 


At first rate of exchange— 


London, Paris. Petersburg. 
£9 ee 46 fr. = 23 roub. 
£40 = 920fr. = 460 roub: 

At second rate of EHxchange— 
London. Paris. Petersburg. 
£2 ee 48 fr. = 82 roub. 

If 32 roub. = £2 

2 x 460 

then 460 roub. = £—gq— = £28 16s. 


Gain = £40 — £28 15s. = £11 5s. Ans. 


THEORY. 


1. What is a bill of exchange? (C.S.) 


2. What is meant by the “course of exchange” between two 
countries? (R.M.A.) 


3. What is meant by the “ par of exchange ” between two countries ? 
When is the exchange said to be against a country? (C.5.) 


4. What is the meaning of a foreign bill of exchange ? Explain 
the variation of conditions which makes the exchange on one day 
£1 — 25°23 francs, and on another day £1 = 25°26 francs. Give an 
example of the state of the exchanges in three cities which would make 
it advantageous to settle claims in the first city upon the third through 
the agency of the second, and work out any case you choose. (C.S.) 


5. Give the relative values of a shilling (English), a franc (French), 
and a mark (German) ; and the relative magnitudes of a yard (English) 
and a metre (French). (C.8.) 


EXERCISE LIV. 
Foreign Money and Exchange. 


1. Assuming that £1 is equal to 26 fr., how much English money 
will be required to discharge a debt of 94875 fr.? (0.R.) 


2. When the pound sterling was worth 24 fr. 75 c.. how many 
shillings should have been given in exchange for 20 fr.? (P.T.) 


3. What, in English money and decimal fractions, is the value of the 
franc at the exchange of 25°57 fr. per £ sterling? (0.J.) 


4. In Paris, how many francs should be given in exchange for 
£3 7s. 5id., four francs being worth 3s. 3d.? (C.P.) 
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5. Find the value in English money of 1572°4185 fr. when the 
exchange is at 26-675 fr. per £. (0. and C.8.C.) 


6. To 80 men are given 693 fr. to be equally divided. How much 
does each man receive when the money is changed into British -currency 
at 255 fr. to the sovereign? (o. and C.H.C.) 


7. A debt of £65 is paid in francs valued at 93d. each, at a time when 
25 fr. are worth £1, What does the creditor gain or lose? (c.m.) 


8. If a sovereign be worth 25 fr. 15 c., what per cent. does a man lose 
in getting only 26 fr. for a sovereign ? (Pry 


9. In the early part of the year the Government offered to take 
French bronze pennies from the public at the rate of 13 for a shilling. 
The Government would be able to exchange them again at the rate of 
252 for a sovereign, What would the Hixchequer gain or lose on every 
million pennies so received? (c.8.1.) 


10. On a certain continental tour the sum spent amounted to 
£8 6s. 11d. in English money, and 312°34 m. in German money; while on 
another tour it amounted to £11 7s. 2d. and 733-32 m. If the second 
tour cost altogether twice as much as the first, find the number of marks 
which is equal in value to £100. (C.H.L.) 


11. If £1 be equal to 11:9 Austrian florins or to 20:3 German marks, 
and if I spend 6 days in Austria at 10 florins a day, and 7 days in 
Germany at 18 m.a day, what value ought I to have left in English 
money out of a £20 note? (c.P.) 

12. A man exchanged £32 at Dresden for marks, at 201 m. for £1, 
He stayed there 28 days, spending on the average 12i1m.aday. He then 
travelled to London, the journey costing 120 m., and on his arrival he 
changed what he had left at the rate of a mark for 103d. How much 
English money will he have out of the original £32 ? (C.w.) 

13. A sovereign is worth 4 dol. 7c. in American, and 25 fr. 2 c. in 
French money. How many cents will a man lose who changes £15 at 
the rate of 25 fr. for £1? (c.prR.) 


14. A person enters France with 33 sovs., 1 half-sov., and 7 fi. He 
spends 577 fr. 50 c. How many florins will he receive in exchange for 
the remainder, if £1 be worth 26 fr. 25 c. ? (c.s.) 

15. If a dollar worth 4s, 34d. be equivalent to 5-439 fr., how many 
francs are in £1? (P.H.A.) 

16. If exchange be at the rate of 25°50 fr. for £1, and of 57°75 fi, 
for 119 fr., find the value of £4760 in florins. (K.8.) 


17. What would £1 be worth at Paris, if a bill at Amsterdam of 
12 fl. 15 ¢. sells for £1, and 9 fl. 50 c. are worth 20 fr. at Paris? (c.s.) 


18. If 10 pias. are equivalent to £1 13s. 9d., and 25°3 fr. to £1, how 
many francs are equivalent to 7:5 pias. ? (p.7.) 


19. English money bearing a premium of 5 per cent. in the United 
States, how much sterling should be given for 750 dol., each worth 4s. 6d. 
at par? (p.T.) 


20. A merchant in New York wishes to remit to London 5110 dol.,a 
dollar being equal to 4s, 6d. English, For what sum in English money 


/ 
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must he draw his bill when bills on London are at premium of 9} per 
cent? (R.M.A.) 


21, An Indian officer, whose annual pay was estimated in rupees, 
lost £41 12s. 6d. in one year by a fall in the value of a rupee from 
1s. 11d. to 1s. 10}d. What was his salary, estimated in rupees? (C.J.) 


22. A person sends from India to England 390 rup. per calendar 
month. Ifa rupee be worth 1s. 9}d., what will be the value in & s.d. of 
the sum sent ina year? Ifa rupee be worth only Is. Tid., how many 
rupees per month must be sent that the value in & s. d. of the sum sent 
in a year may remain the same as before 2 {OW 


23. If 250 rup. have the same value as 84 dol., and 86 dol. have the 
same value as 7 guins., what is the value of arupee in £s. d.? 
(o. and 0.H.C.) 
24. Tf 1s. is worth 3°66 dg. of pure gold, 1 rup. is worth 106'92 dg. of 
pure silver, and 1 oz. of gold is worth 33°31 oz. of silver, what is the value 
of a rupee in English money? (S.A+) 


CHAPTER XXXVIII. 
MOTION: RACES. 


The Rate, Velocity, or Speed of a body is measured by the distance 
over which the body moves uniformly in a unit of time. 
Units of Time.—The usual ones are— 


1. Miles per hour. 2. Feet per second. 


Relative Rate or Velocity——The relative rate of two bodies 
moving in the same straight line is the speed with which they approach 
or recede from each other. If the bodies move— 

(1) In the same direction, the relative velocity is the difference of 
their rates. 

(2) In opposite directions, it is the sum of their rates. 

Formulz.—flor moving bodies we have the following relation- 
ships :— 


1. Single body moving uniformly; time = eae 
ra 
: ae 2) CO een FG a 
2. Two bodies moving in opposite directions: time = sunok ee 
distance. 


3. Two bodies moving in same direction: time = 


difference of rates’ 


I. Rectilinear Motion. 
(a) Opposite and Distant. 


Example.—A and B, who are 45 mi. apart, approach each other, 
A at the rate of 5 mi. an hour, and B at 4 mi. per hour. When and 
where will they meet 2 


sum of rates” 5+47 


Time of meeting = 5 hrs. 
Then A’s distance is 5 mi. X 5, or 25 mi. 
and B’s 3 4 mi. X 5, or 20 ,, 


The meeting-place, then, is 25 mi. from A’s starting-point, or 20 mi. 
from B’s. 
Ans. They meet in 5 hrs. 25 mi. from A’s starting-point. 


(b) Following and Distant. 


Example.— Two cyclists, A and B, are riding to the same place. 
A rides at the rate of 10 mi. an hour, while B averages 124 mt. an 
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hour; A started 24 hours before B, and B just overtakes A as they 
reach their goal. How long was B on the road, and how far did he 
ride ? 
A has a start of (24 X 10) mi., or 25 mi. 

distance nak 25 Sal 25 Ap he 
difference of rates” 124—10 23 
Distance = 12} mi. X 10 = 125 mi. 


Time = 


Ans. B was 10 hrs. on the road, and rode 125 mie 


II. Circular Motion. 
(a) Common Starting-point—Opposite Directions. 


Example.— Suppose it to be 40 mi. round the circumference of a 
circle; A and B start from 8 and go in opposite directions, A at the 


rate of 5 mi. an hour, and B at the rate of 3 mi. an hour. When and 
where do they meet ? 


1. To find when they meet.—If the circumference of the circle be stretched 
out into a straight line, the problem becomes the same as that for a straight 
line, opposite and distant. Hence— 


distance 40 


Time in hours = oon of rates 53 


=e 


Os, 


2. To find where they meet. 


A goes 6 mi. X 5 = 25 mi. 
2? 5 wis 1 ee Be) ”° 
j.e. 25 mi. round the circle once from A’s starting-point 
or 15 y , 


Ans. They meet 5 hrs. altar ‘starting ; 25 mi. from A’s starting-point. 
(b) Different Starting-points—Same Direction. 


Example —Suppose the rates and distance to be as in.the previous 


example, but that A gives B10 nu. start. When and where does A 
catch B? 


Straighten out the circumference of the circle into a straight line; the 


problem then becomes the same as that for a straight line, ‘distant and 
following.” 


___ distance Bee LO 2. 50 ae ne 
difference ofrates 5—3 ~~ ; 


How far does A go before he catches B? 


A’s distance = 5 mi. X 5 = 25 mi. 
for if B travels for 5 hrs. at 3 mi. per 


Time = 


hour, B’s distance =3mi. xX 5= 15 m1. 
and the difference between the two | _ . ; ; 
distances (25 — 15) = 10 mi., which was B’s start. 


Ans. A catches B in 5 hrs., after riding 25 mi. 
Handicap Problems. 


Example.—A gives B 150 yds. start 1n a race of 2 mi., and he 
loses by 10 yds. How many yards ought A to have given B? 
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Since A is beaten by 10 yds.; the distance in ce Sy 
yds. he has run is (2 x 1760) — 10 = 3520 — 10 = 3510 yds. 


Distance in yds. run by B = 3520 — 150 = 3370 yds. 
Then A runs 3510 yds. while B runs 3370 yds. 
and A ,, liyd..-,, Byaeeee avd: 


; 3520 X 3370 
and A 99 3520 yds. 39 B 55 SEOs. 


Start to be given = 3520 yds. — 3379-6 yds. = 140°4 yds. Ans. 


or 3379°6 yds. 


Problems connected with Streams. 


Example.—A person can row 9 mi. an hour on still water, and he 
finds it takes him just 3 times as long to row up as to row down the 
rover. Hind the rate of the stream. (c.8.) 


His rate down the eee Be we rate in miles per hour on still water 
in miles per hour ms + rate of stream in miles per hour 

His rate up the tt a ne rate in miles per hour on still water 
in miles per hour me — rate of stream in miles per hour 


By question, the “ up ” rate is 4 of the “ down ” rate. 
2.€.(9 + rate of stream) miles per hour= 3(9 — rate of stream) miles per hour 
= 27—3 X rate of stream) miles per hour 
we. 4 X rate of stream = 18 mi. per hour 
and rate of stream = 18 mi. + 4 = 44 mi. 


Ans. 44 mi. per hour. 


EXERCISE LY. 
Morton: Racss, 
Motion in Straight Lines. 


1. Two boats, A and B, row on the same course, A having the front 
place, the distance between A’s stern and B’s bow being 240 ft. at 
starting. If A row 84 strokes to the minute, clearing 29 ft. each stroke, 
and B row 33 strokes to the minute, clearing 32 ft. each stroke, find the 
shortest time which must elapse before B’s bow touches A’s stern, (C.P.) 


2. A bicyclist, travelling with uniform velocity along a straight level 
road on a fogsy day when objects were just visible a furlong off, saw a 
milestone in front of him for half a minute, Afterwards he overtook a 
carriage, the back of which he saw for a minute and a half ; with what 
velocity (supposed uniform) was the carriage travelling ? (C.P.) 


3. On August 1, at noon, a steamer, A, was 12} mi. ahead of another, 
B; A got over 220 mi. in a day, while B travelled at the rate of 93 mi. an 
hour. On what date and at what hour was the distance between them 
again 12} mi., the course being the same and the speeds uniform ? (c.s.) 


4. A car and a cyclist start together on a journey of 5! mi., the car 
travelling uniformly. The cyclist while on the footpath travels at the 
tate of 38 yds. to 33 of the car, but on the road only at the rate of 10 yds. 
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to llof the car. If they finish together, what distance of the journey 
did the eyclist ride on the road? (I.1.) 


5. Aand Bruna mile race; at first A runs 11 yds. to B’s 10, but 
after A has run } mi. he gets tired, and runs 9 yds. in the time in which 
he at first ran 11, B running at his original rate. Which will win, and 
by how much? (P.7.) 


Motion in Circles. 


6. Three riders pass a given point on a circular track at the same 
instant, with velocities 10, 12, and 15 miles per hour respectively. How 
long, from that instant, must they continue to moye round the track 
with those velocities before they next pass the same point abreast (the 
distance round the track for each rider being 704 yds.)? (c.P.) 


7. The rates of two bicyclists are as 11 to&, They start together 
from the winning-post and race round and round acircuit of 480 yds. 
It is noticed that the best man passes the other every 4 min., and that 
at the moment when the race ends they are passing the winning-post 
together for the first time. How long did the race last, and how many 
minutes’ start can the best man afford to give in a 9-mile race without 
losing ? (C.H.L.) 


8. Three bicyclists, A, B, and C, ride round a circular track half a 
mile in length, B receiving 240 yds. start, and C720 yds. If A travels at 
the rate of 18 mi. an hour, and B at the rate of 16 mi. an hour, find at 
what rate O must travel in order that B may overtake him at the instant 
when A overtakes B. Find also what time will elapse before they are 
again allthree abreast. (C.S.L.) 


9. A and B run a race twice round a circular course of 450 yds. cir- 
cumference. They start together, and run opposite ways. The faster. 
runner A passes B for the second time at 9 yds. from the starting-post. 
B then quickens his pace by 7, of his previous pace; while A slackens 
down to 3? of his previous pace. Which will win the race, and by how 
many yards? (C.H.L.) 


10. Two men, A and B, begin at the same time to run opposite ways 
once round a circular course, starting from the same point. From the 
moment at which they first meet A takes 63 sec. to finish the round, B 
84 sec. But whereas A ranata uniform rate the whole way, B mended 
his pace in the ratio of 4: 3 from the moment at which they first met. 
Find the time each takes to run the whole course. (C.8.) 


11. Aand B start from the same point to run in opposite directions 
round a circular racecourse, 4324 ft. circumference, A not starting till B 
hss run 716 ft. They pass each other when A has run 1927 ft. Which 
will come first to the starting-point, and what distance will they then 
be apart? (C.M.) 


Streams. 


12. A boat moves down stream at the rate of a mile in 6 min. and up 
stream at the rate of 6 mi. an hour. What is the velocity of the current ? 
(C.8.L.) 


N 2 
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13. A and B row on a river, starting simultaneously from the same 
point, A down stream, B up stream. In 33 min. they are 5 fur. apart; 
A then turns to follow B, and at the end of 12! min. from that time the 
boats have together rowed 1 mi. 7 fur. in all. If the speeds of A, B, and 
the stream are constant, how many miles an hour does the river flow ? 

(C.8.) 


14. I row against a stream flowing 1! mi. an hour to a certain point, 
and then turn back, stopping 2 mi. short of the place whence I originally 
started. If the whole time occupied in rowing be 2 hrs. 10 min., and my 
uniform speed in still water be 44 mi. an hour, find how far upstream I 
went. (R.M.A.) 


15. A man starts to row on the still water of a canal, and completes 
aroile in} of an hour; he then reaches a river, and, entering it, rows 
with the current 1! mi. in the next} ofanhour. How long will he take 
to return to the starting-point, if he rows back with the same strength 
as on his outward course? (C.S.) 


16. A prisoner of war, in attempting to escape to a friendly ship 
moored within sight of land, swims at the rate of 3 mi. per hour, and is 
assisted by the tide, which ebbs at the rate of 200 yds. per hour. After 
swimming for }hr. the tide turns, and impedes him as much as it had 
previously assisted him. He also slackens his speed from 3 to 2} mi. per 
hour, and succeeds in reaching the vessel in another hour. How far was 
the vessel from the shore? (c.m.) 


Handicaps. 


17. At a game of skill A can give B 20 in 100, Bcan give C 15 in 100. 
How many can A give C? (c.m.) 


18. A can walk 3 mi. while B walks 5 mi., and C can walk 6 mi. while 
A walks 3} mi. What start can C give Bin a3 mi. walk? (c.s.) 


19. Ina race B starts a certain distance ahead of A, and C an equal 
distance ahead of B. If A passes B in 12 min., and 9 min. afterwards 
passes C, in what time from the start will B pass CO? (c.H.1.) 


20. Three men run a mile race; the first beats the third by 
7633 yds.; the second beats the last by 11 secs.; and the pace of the 
first is to that of the second as 45:44. In what time does each run 
the mile? (c.s.) 


21. Ina half-mile race, if A gives B 10 yds. start, A wins by 10! sec., 
but if A gives B 15 sec. start, B wins by 22 yds. Find the time that 
each takes to run the 4 mi. (0.8.1) 


22. A hare 50 leaps in advance of a greyhound, and taking 3 leaps 
for every 2 of the latter, is overtaken in 300 leaps of the greyhound. 
What is the proportion between the length of the leaps? (x.M.) 


23. A greyhound pursues a hare which is 95 springs ahead; the 
greyhound makes 6 springs to the hare’s 8, and 4 springs of the grey- 
hound are equivalent to 7 of the hare. How many springs must the 
greyhound make to catch the hare? (1.1.) 
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Miscellaneous. 


24. If two boats, A and B, row in a race at their usual speed, A 
will win by 80 yds.; but, the day proving unfavourable, A can only 
row at § of its usual speed, while B rows at ~, of its usual speed. A 
wins by 26 yds. Find the length of the course. (C.8.L.) 


25. Two boats start for a race at 3 o’clock. The race is over at 
62 min. after 3, the losing boat being 40 yds. behind at the finish ; at 
4 min. past 3 this boat was 700 yds. from the winning-post. Find the 
length of the course, and the speed (supposed uniform) of each boat in 
miles per hour. (B8.M.A.) 


26. A walks to a place at the rate of 4$ mi. an hour; at 8 mi. 
from his destination he meets B, and turns back with him (walking 
at B’s rate) for a mile; if A is half an hour late at his destination, 
what is B’s rate, and at what rate should A have walked after part- 
ing with B so as to arrive at the proper time? (C.8.L ) 


27. A man, with his dog by his side, is walking at 43 mi. an hour. 
The dog suddenly sees another man on the road before them, walking 
in the same direction at 4 mi. an hour, and 240 yds. off. The dog runs 
to this man, and (without stopping) back to his own master, at 10 mi. 
an hour. How long a time (in minutes) does this incident cccupy? 

(c.w.) 


28. A,B, and C run a race, the course consisting of three laps of a 
1mi.each. Aruns the first lap in 68 sec., and when he completes it he 
is 271 yds. behind C; B, when he begins the second lap, increases his 
pace by ;1, of his former pace, and when he completes it he is 4 yds. in 
front of A. Show that A and B start at the same pace, and find by 
how many seconds C will beat B. (c.P.) 


99. A starts in pursuit of B, who has had 1} min. start. He over- 
takes and passes B, who at once stops. After proceeding further for 
363 yds., A returns in pursuit of B, who at once starts off back again. 
If B be overtaken at the starting place, find where he is first overtaken, 
his speed being 7} mi.an hour. (C.PR.) 


30. A and B walk at different uniform rates, such that, if A’s rate 
were doubled and B’s rate halved, then A could walk half as far again 
as Binthesame time. If they start together, and walk along a straight 
road in the same direction, how far must B walk so as to be 1 mi. ahead 
of A? (c.P.) 


31. Assuming that sound travels at the rate of 1100 ft. per second, 
and that a man walking towards a gun fired once a minute hears the 
fourteenth report 123 min. after hearing the first, find the rate in miles 
per hour at which the man is walking. (c.S.L.) 


32. A, B, and C run amile race; B has 85 yds. start, and C 
has 150 yds. ; 3} min. after the start B passes C, and } min. later A 
passes C; 200 yds. beyond the spot where A passed C he passes B ; 
when A is 100 yds. from the winning-post he increases his pace by 
6 ft. a second. Which will win, and what will be the position of the 
other two when the winner passes the winning-post? (0.8.L.) 


33. A person started at half-past two and walked to a village, 
arriving there when the church clock indicated a quarter past three, 
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After staying 25 min., he drove back by a road one-fourth as long 
again, at a rate twice as fast as he had walked, and reached home by 
four o’clock. How far wrong was the church clock? (c.M.) 


34. In a bicycle race, the rates of speed of A, B, and C are as 
7 ; 63: 52, for the first half of the course. A slackens on completing 
this, and C increases his speed on doing so, B travelling the same rate 
throughout. The rates of speed consequently for the second half of 
the course are as 5} ; 63 : 67. In what order do they reach eee 
C.P. 


35, During the first part of a boat race 1! mi. long, the two crews 
are each rowing 34 strokes a minute, and when the leading crew has 
just completed half the distance the other crew is 40 ft. behind. The 
former now quickens its stroke to 35 a minute, and the latter takes a 
slower stroke of 33 a minute; but at each stroke the former boat 
travels a shorter distance than before by 4 per cent., and the latter 
boat a longer distance by 4 per cent. Which boat wins, and by how 
much (to the nearest inch)? (C.s8.) 


CHAPTER XXXIX. 


MOTION: CLOCKS AND WATCHES. 


Most probiems on clocks and watches may be regarded as special 
forms of “race” questions between the minute-hand (M.H.) and the 
hour-hand (H.H.). 
On the face of a-clock or watch there are 12 hour-spaces (h.s.) and 
60 minute-spaces (m.s.), and the M.H. moves 12 times as fast as the 
H.H., since it passes through 60 m.s. whilst the H.H. is passing through 
5 m.s. 
Hence gain of M.H. per hour = 60 —5 = 55 mss. 
.. M.H. gains 1 m.s. in = hr., or in $4 min. 
and it gains 60 m.s. in $% hr., or in 44 hr. 
Hands coincident. 


Example.—<At what time between 3 and 4 
o'clock are the H.H. and the M.H. of a watch 
together? (0.8.L.) 


At 3 the M.H. points to XII. | They are therefore 
and the H.H. _,, ja 15 m.s. apart. 
Then M.H. has to gain 15 m.s. 
But M.H. gains 55 m.s. in 1 hr. 


, gon aa a 
* Meo me BB 


hrs. = 16,4 min. 
Ans; 1674 past 3. 


Hands opposite—Remember that the hands can be opposite, 7.¢. 
pointing in the same straight line, once only 
within the space of any hour. 


Example.— At what time will the M.H. and 
H.H. of a clock be in one line opposite to each 
other between 9 and 10 o'clock? (0.W.) 


The hands are opposite when M.H. is 30 m.s. 
behind the H.H. 
But at 9 o’clock the M.H. is 45 m.s. behind, 
., M.H. must gain (45 — 30) or 15 ms. 
Now, M.H. gains 55 m.s. in 1 hr. 


“, M.H, gains 15 m.s. in 1x» hrs. = 16,4, min. 


Ans. 16,4, min. past 9. 
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Hands a Given Number of Spaces apart.—The hands may be twice 
apart within the hour for any number of spaces 
less than 80. 


Example.— At what times between 4 and 5 
o’clock will the hands of a watch be 17 m.s. 
apart 2 

(1) At 4 o’clock M.H. is 20 m.s. behind the 
H.H., and it has to gain (20 — 17), or 3 m.s. 


., time = oa min. = $§ min. = 38- min. 


(2) When the M.H. is in front of the H.H. it has to gain (20+ 17), or 
37 m.s. 


2 time Z a min. = 444 min. = 40,4 min. 
Ans. 33% min. and 40;4 min. past 4. 
To find Correct Time.—These problems, although complicated at 
times, are often mere applications of the Rule of Three. 


Example.— A watch, which is set correctly at noon, indicates 10 
min. past 9 the same evening when the true time is 10. What és the true 
time when the watch indicates 11 on the same evening? (o.M.) 


When watch indicates 9 hrs. 10 min., the true time is 10 hrs. 


10 
% »  Lhr. ’» we hrs. 
10 x ll 
99 99 ll hrs. 29 99 . = 12 hrs. 
6 


Ans. 12 p.m. 


Example.—A watch is 70 sec. slow at 5 p.m. on Sunday. On the 
next Sunday at noon it was 100 sec. fast. When was tt correct 2 (C.8.) 


Sunday 5 p.m to Sun-? _ a S oe 
day next at louiounies l week — 5 hrs. =(7 X 24) hrs. — 5hrs. =163hrs. 


Hence the gain is (70 + 100) sec., or 170 sec. in 163 hrs. 

It was correct when it had gained 70 sec. 

170 sec. : 70 sec. :: 163 hrs. : time 
70°X.163 
"1700 eee 

The watch was correct 673% hrs. after 5 p.m. on the first Sunday, or 
727% hrs. after noon on the first Sunday. 
Now, 727% hrs. = 3 days 0 hrs. 7 min. 3, sec. 
.. watch was correct at 7 min. 3% sec. past noon on Wednesday. Ans, 


Time in hours = 
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EXERCISE LVI. 
Motion: Clocks and Watches. 


1. At what exact times will the hands of a clock be at right angles ?— 
(a) Between 5 and 6 o'clock (C.8., c.P.) ; (b) between 6 and 7 o’clock (P. am.) 
(c) between 10 and 12 o’clock (¢.8.). 


2. At what time will the hands of a clock be opposite to each other ?— 
a) Between 9 and 10 o0’clock (c.w.); (0) between 10 and 12 o’clock (C.8.) ; 
c) between 3 and 4 o’clock (K.8.8.). 


3. Find the times between 8 and 4 o’clock when the angle between 
the hands of a watch is } of a right angle. (¢.M.) 


4. Find the exact time between 5 and 6 o’clock when the M.H. 
is 4 of the circumference of the dial in advance of the H.H. (¢.s.) 


5. Find the exact time when the hands of a watch will coincide— 
(a) Between 7 and 8 o’clock (c.w.); (b) between 6 and 7 o’clock (K.8.8.) 5 
(c) between 3 and 4 o’clock (x.8.8.); (d) next after 12 o’clock (u.M.). 


6. Two clocks are together at 12 o’clock; one loses 7 sec. and the 
other gains 8 sec. in 12 hrs. When will one be half an hour before the 
other, and what o’clock will it then show? (R.M.A.) 


7. If a watch, which is 10 min. too fast at noon on Monday, gains 
3 min. 12 sec. every 24 hrs., what will be the time by it at a quarter- 
past ten on the following Saturday morning? (C.Ww.) 


8. Two clocks, one of which gains as much as the other loses—viz. 
1 min. 15sec. in 24 hrs.—are set right at noon on April 1. When is there 
a difference of 48 min. between them? (K.S.8.) 


9. Three watches are set together. The first gains 5 min. a week, 
the second gains 8 min. a week, whilst the third loses 4 min. a week. 
When will they again indicate the same time ? (L.M.) 


10. The hands of a clock are put back } hr. between 7 and 8 o’clock, 
thereby making the hands exactly coincide. What will be the true 
time when they are next together? (0.S.) 


11. One clock gains 4 min. in 24 hrs., and another loses 2 min. in 
36 hrs. Both are set right at noon. When one is 15 min. before the 
other, what will be the correct time ? (c.8.) 


12. A watch set accurately at noon indicates 10 min. to 7 at 7 o’clock 
mm. What isthe true time when the watch indicates 7 p.m.; and when 
will the watch first indicate the true time again ? (C.S.) 


13. A watch shows the true time at 6 o’clock on Sunday morning, 
and at noon on Tuesday has gained 24 min. Find what the true time 
will be when the watch shows 1 o’clock on Friday afternoon. (C.W.8.) 


14. A clock which goes steadily is noticed on Sunday at 10 a.m. to 
be 140 sec. slow. On the succeeding Sunday afternoon, at 24 min. past 
3, it is found to be 109 sec. fast. When was it exactly right? (C¢.P.) 


15. A watch which gains 5 sec. in every 3 min. was set right at 
G aan. What was the true time in the afternoon of the same day when 
the watch indicated a quarter-past 3 o’clock? (0, and C.8.C.) 
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16. One clock gains 7 sec. a day, a second loses 8 sec, a day. If 
they are set right at noon, what is the true time when one of them is 
5 min. before the other? ‘(c.w.) 


17. Ifa clock gains 2 min. 24 sec. in 24 hrs. of true time, and you 
wish to have it right at 6 p.m. on Thursday, how would you arrange the 
hands at 11 a.m. on the previous Tuesday? (t.1.) 


18. At noon on Monday, one clock ig 1 min. slow, and another 2 min. 
fast; at 8 on Wednesday morning the first is right, and the second is 
1 min. slow. When was the second right, and when were they together ? 

(8.L.c.) 


19. The minute-hand of a clock overtakes the hour-hand at intervals 
of 64 min. of true time. How much a day does the clock gain or lose? 
(0. and 0.H.c.) 


20. Of two clocks set right at 12 o’clock, one gains 50 sec. and the 
other loses 40 sec. per hour. What will be the time by the second clock 
when that shown by the first is 26 min. past 2? (c.m.) 


21. A clock’s rate is ‘9 sec. per hour faster when a fire is not alight 
than when the fire is alight. If it neither gains nor loses on the whole 
when the fire is alight for 17 hrs. out of 24, find how much it will gain 
in a week if the fire is not lit at all. (C.H.L.) 


22. A clock loses at the rate of 85 sec. an hour when the fire is 
alight, and gains at the rate of 5:1 sec. an hour when the fire is not burn- 
ing; but on the whole it neither loges nor gains. How long in the 24 hrs. 
is the fire burning ? (C.S.L.) 


23. What is the exact time between 6 and 7 o’clock at which the 
hour and minute hands of a clock occupy the same positions as were 
occupied by the minuteand hour hands respectively at a certain instant 
between 2 and 8 o’clock ? (c.P.) 


24. Two clocks, A and B, have seconds pendulums. In 11 min. 
B makes three ticks more than A (the 11 min. being on the slower clock). 
Find B’s daily rate of gain or loss if A lose 10 min. a day.  (c.s.) 


CHAPTER XI. 


MOTION : PROBLEMS ON TRAINS. 


Many problems on Trains are applications of those on Motion. In 
some problems the lengths of the trains do not matter. or instance, 
if we have to calculate when two trains that start from distant places 
meet, it clearly does not matter what the length of each train is. But 
in many of the problems the lengths of the trains do matter, and this con- 
stitutes the peculiarity of the problems. ‘The difficulty lies in the many 
relative positions two trains may assume to each other, and in the 
failure of some students to distinguish between absolute and relative 
velocity ; e.g.if a train passes a stationary man, the train’s rate is actual 
or absolute; but if the man be walking, or if he be in a moving train, 
then the rate is relative. 

Perhaps the chief difficulty in these problems is to recognize the 
distance moved by two trains when clearing each other; hence the 
student is advised to carefully study the diagrams given, and to note 
the following points :— 


1, A long and a short train are chosen for greater ease of distinction, 
but, of course, the two trains could be of the same length. 

2. The effective rate of two trains— 

(2) Is the sum of their respective rates when travelling in opposite 
directions. x 

(5) Is the difference of their respective rates when travelling in the 
same direction. 

3. Make one of the trains a fixed “ point,” and move the other to its 
new position. Then, to estimate the distance moved, compare the head 
(or end) of the moving train in its first position with its head (or end) in its 
new position. 

4. As a train isa long body, it isnecessary to add the lengths of the 
two trains to the distance to be covered to get the total distance. 

5. The ordinary formula for motion is— 


distance 


(i Cay Ge ita 
effective rate 


and this formula is useful in the solution of many of these problems. 


Diagrams illustrating the Relative Positions of Two Trains, and 
the Distance moved in each case. 


The wording under each position shows the distance moved in each case. 
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I. Trains moving in opposite directions, 


Initial Position. Final Position. 
From —> to ee AR 
<n Cmecemeeesionns 
Length of short train. 
From REREER eer to oS 
ao es ee 
Length of long train. 
From AS to. eS 
Length of both trains. 
From S to Se SS 


The difference in length of the two trains. 


II. Trains moving in same direction. 


Initial Position. Final Position. 
From —- to encanta 
—_> —<——> 
Length of both trains + distance between trains. 
Pan O———_—- to acerca eS 
Length of long train + distance between trains. 
From —> to —_ 
—<———> wy ee 


Length of short train + distance between trains. 


The diagrams given are typical. Diagrams might also be drawn, 
and the distance moved.in each case determined in each of the follow- 
ing cases :— 

Trains moving in opposite directions. 

1. Initial position—some distance apart. 


Final » —Just met, head to head. 
2. Initial ,, —the end of the short train just level with the head of 
the long train. 
Final » —the ends together. 
3. Initial ,, —head of short train level with end of long train. 
Final » —ends together. 


Trains moving in the same direction. 


1. Initial position—end of short train level with head of long train. 
Final »» heads of the two trains level. 

2. Puttar. asin 1. 
Final »  —ends of the two trains level. 
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3. Initial 3; agin l. 

Final », —head of short train level with end of long train. 
4. Initial ,, —heads level. 

Final »  —ends level. 
5. Initial ., —heads level. 

Final .. —head of short train level with end of long train. 
6. Initial ., —ends level. 

Final ,, —head of short train level with end of long train. 
7. Initial ,, —head of short train level with end of long train. 

Final «+, —head of short train some distance behind the end of 

long train. 


MorTion IN OpposiTE DIRECTIONS. 


Example.— Two trains, one going 40 and the other 30 miles an hour, 
meet on parallel lines, each with an engine and tender 40 feet long; the 
first has 12, the second 17 carriages, each carriage being 32 feet, and 
the coupling spaces 5 feet. Find the time from the moment the engines 
meet until the last carriages have passed each other. (C.8.) 


The relative positions are as follows :— 
From or ee to 
ee SET 


Hence the distance moved is the length of both trains. 
Length of short train = (404+ 12 x 32+ 11 x 5) ft. 
. long » = (40+ 17 Xx 32+ 16 x 5) ft. 
Then time in hours = distance ae 80 4- 29 x 32 + 27 X 5 
rate (40 + 30) x 5280 
_ (80 + 928 + 135)60 Xx 60 .., 
De 70 x 5280 
1143 x 60 x 60 
— ies ma A 
70 x 5280 8° = SAPS sec. 


= 1144 sec. Ans. 


Morion IN SAME DIRECTION. 


Example.—/Jf two trains on the separate parallel lines of a railway 
be respectively 150 ft. and 200 ft. long, and travel uniformly, the 
former at 25 and the latter at 20 miles an hour, im what time will they 
clear each other exactly when travelling in the same direction? (.P.) 


The relative positions of the trains are— 
From mnie to ——> 
—> een 


Hence the faster and smaller train has to gain the length of the two 
trains. 
The effective rate = (25 — 20) mi. = 5 mi. per hour = 42 ft. per sec. 
distance 150 a 200 ws 350 x 3 — a6. = 4733; 


then time in seconds =——_— = = 
rate ag 22 


Ans, 473%; sec. 
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Example.— // a train 90 yds. long overtakes a person walking at the 
rate of 3% mi. an hour along the line, and passes him completely in 
10 sec., what is the rate of the train per hour? 


10 Sa ske 
In 10 sec. th an walk x 46 : 
n e e man wa sbongearr 5 min 
.. the whole distance the train) _ [_» 10x15, \e, 
travels in 10 sees. i oF (=#to a 60 x 60 x i) rer. 
: 644+ 11 ; 
= (aby + gp) mi = STN 96, mi 
and time = 10 sec. = 3}, hr. 
then rate in miles per hour =. Genes = 1626 + sto 
time “4 
65 X 360 _ ors — 997 
TORG3 ao S Re toe 


EXERCISE LVII. 


Motion: Trains. 


1. Two trains start at the same time from Sheffield and Leicester, 
and proceed towards each other at the rates of 30 and 50 mi, per 
hour respectively. When they meet it is found that one train has 
run 14, mi. farther than the other. Find the distance between 
Sheffield and Leicester. (P.7.) 


#. Two trains start at the same time from London and Edinburgh, 
and proceed towards each other at the rates of 30 and 50 mi. an 
hour respectively. When they meet the quicker train has run 100 mi. 
farther than the other. What is the distance between London and 
Jidinburgh ? 


3, A passenger train moving at thé rate of 45 mi. per hour over- 
takes a mineral train 1} times as long moving at the rate of 27 mi. 
per hour, and passes it completely in 25 sec. How long would the 
passenger train-take to pass completely through a station 165 yds. in 
length? (c.s.L.) 


4. A train 66 yds. long, moving at a uniform rate, overtakes a 
man who is walking along the line at the rate of 4 mi. an hour, and 
passes him in 6 sec. Twenty minutes after it hag passed him it 
meets a@ man walking in the opposite direction, and passes him in 4} 
sec. How long willit be after this before the two men meet ? (S.L.) 


5. A train going at the rate of 60 mi. an hour overtakes another 
train, 160 yds. long, going 45 mi. an hour in the same direction on 
a parallel line, and passes it in half a minute. In what time would 
the first train pass another, of its own length, going in the opposite 
direction at the rate of 830 mi. an hour? (c.s.) 


6. Grantham is 105 mi. from London, and two trains start simul- 
taneously at noon, one from London for Grantham, and the other 
from Grantham for London. After 48 min. they are still 23 mi. 
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apart. Find when they pass one another. If the passing place is 
923 mi. nearer to Grantham than to London, find the time at which 
each train arrives at its destination. (C.H.L.) 


7. Two men walk with uniform speed along a railway in the same 
direction. A train, travelling uniformly, overtakes one of them, who 
walks at 4 mi. per hour, and the whole train, which is 182 yds. long, 
passes him in 7} sec. 6} min. after it began to pass the above-named 
man, the train begins to pass the other, and occupies 7} sec. in passing 
him. When will one man overtake the other? (C,s.) 


8. A train leaves London for Brighton at 9 a.m. travelling at a 
uniform rate of 15 mi. an hour. An express train leaves Brighton for 
London at 10 a.m., and travels at a rate of 40 mi. an hour, At what 
time will they pass each other, and at what distance from London, 
the distance from London to Brighton being 50 mi.? (R,M.A.) 


9, Three trains, 200, 528, and 130 yds. long, are travelling on 
parallel lines at 15, 24, and 30 mi. per hour respectively, the first two 
in the same direction, the third meeting them; the second reaches 
the rear of the first train at the same moment as the third reaches 
its front. Find the interval in time between the moments when each 
of the two trains clears the third. (c.m.) 


10. A passenger and a goods train start from the ends of a line 
120 mi. long, and meet in the middle of it; the goods train started 
an hour earlier than the other, and goes at 3 of its speed. Find the 
rate of each. (C.8.) 


11. A man sitting in a train which is travelling at the rate of 50 
mi. an hour observes that it takes 6 sec. for a luggage train travelling 
in the opposite direction to pass him. If the luggage train is 220 yds. 
long, find the rate at which it is travelling. (K.S.) 


12. A train 88 yds. long overtook a person walking along the line 
at the rate of 4 mi. an hour, and passed him completely in 10 sec. ; 
it afterwards overtook another person, and passed him in 9 sec, At 
what rate per hour was this second person walking? (0.R.) 


13. A train 88 yds. long, and travelling at a uniform speed, passes 
a telegraph post by the line in 6 sec. It then overtakes a train 110 
yds. long, travelling in the same direction on a straight parallel 
track, and passes it in 81 sec. What was the speed in miles per 
hour of the second train? (C.M.) . 


IE. A person standing on a railway platform 264 yds. long noticed 
that a train passed the platform in 20 sec., and himself in 8 sec. 
Find the length of the train and its rate per hour. (K.8.S.) 


15. A train travelling at the rate of 40 mi. an hour whilst in- 
side a tunnel meets another train of half its length travelling at 
60 mi. an hour, and passes it completely in 4} sec, Find the length 
of the tunnel, if the first train passes completely through it in 4 min. 
874 sec. (C.J.) 


16. If a train 90 yds. long, going 40 mi. an hour, meets another 
train going 35 mi. an hour, and they pass one another in 4°8 sec., 
what is the length of the other train? And how long would the 
faster train have taken to pass the other if they had been going in 


the same direction ? 
. ° 
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17. If two trains on the separate parallel lines of a railway be re- 
spectively 150 ft. and 200 ft. long, and travel uniformly, the former 
at 25, and the latter at 20 mi. an hour, in what time will they 
clear each other exactly when travelling (i.) in the same, and (ii.) in 
contrary directions ? Explain your process. (c.P.) 


18. A fast train leaves a place, A, for another place, B, at the 
same moment that a slow train leaves B for A. The fast train takes 
2 hrs. on the journey, and if the slow train kept its time they would 
meet at a distance from B equal to 4 the whole distance from A to 
B. Instead of this, the place where they meet is at a distance from 
B equal to } the distance from A to B. How much behind time 
Will the slow train be when it arrives at A? (c.8.) 


CHAPTER XLI. 
APPLICATION OF GRAPHS TO PROBLEMS. 


Many of the problems that have been worked out in previous 
chapters are capable of being solved graphically. The ordinary 
arithmetical solution gives us an exact answer, but in most 
cases the graphical solution can be at the best only approxi- 
mate. The examples that lend themselves most readily to a 
graphical solution are those in which the graphs are straight 
lines. The student must not think that graphical methods 
are always the best, for as a general rule they are not, the 
ordinary arithmetical solution being shorter. 


Example 1.—A bath can be filled by one pipe in 2 hrs. and emptied 
by another pipe in 5 hrs. How long will it take to fill the bath if 
both are opened together ? 

Let OA on OY represent the whole of the bath. Mark off along 


ec (lO 
rae 


Fig. 11. 


OX successive equal lengths to represent hours. Using squared paper 
ruled in tenths, we take OA = 1 in. and 3 in.=1 hr, The co- 
ordinates of B are (42, 48), and OB represents the graph for filling the 
bath. Co-ordinates of U are (72, 49), and OC is the graph of pipe 
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emptying it. Through A draw AD parailel to OC, meeting OB at D. 
Draw DMN, the ordinate to OX. Then in time ON, the ordinate DN 
represents amount of water coming from first pipe, and MN represents 
amount of water going out by second pipe, and therefore DM repre- 
sents the amount of water actually in the bath at end of time ON. 
But DM = OA, hence the bath is then full. Hence the bath is filled 
in time represented by ON, 1.e. in 35%; hrs. 
For the case when both pipes are filling. Join AP cutting OD 
in Q; draw the ordinate TQR. Then QR represents portion of bath 
iled in time OR by the first pipe, and Q'l represents the portion filled 
in time AT by second pipe. But A’’=OR and RQ + QT=RT=AO. 
Therefore the time taken to fill the bath is represented by OR. From 
the graph it is seen that OR is between ,§, and 5% in., and therefore 
the time is between 1 hr. 20 mins. and 1 hr. 30 mins., and appears to 
be about 1 hr. 25 mins. Working the sum in the ordinary arith- 
metical way, we find that the answer is 1 hr. 255 mins. 


Example 2.—If the manufacturer makes a profit of 20 % the 
wholesale dealer a profit of 25%, and the shopkeeper a profit of 40 %, 
what was the cost of the manufacture of an article bought at a shop 
for 17s. 6d.? 

When there is a profit of 20 % the selling price is to the cost price 


OOS PR Ga ee 
ole Sei ps | 
i 
B bp | fot 
HAS. MBAR Se De 
BOR RGR SoD Ga Be Meee 
ZEEE RMEKS 


A 


poptea eager AN ee ee ee 


G22! CaS RA Pe Ree eee ABR 


as 120 ; 100, 7.e. 12: 10. Let us represent the cost of manufacture by 
horizontal divisions, and selling prices by vertical divisions :— 
1. To obtain graph of manufacturer’s selling price. OA = 10 and 
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AP = 12, and therefore OP is the graph of the manufacturer’s selling 
rice. 
re 2. To obtain graph of wholesale dealer’s selling price. A Pressly, 
and if we take Q so that AQ = 15, then AQ; AP?:15;312::125 
: 100, z.e. the graph OQ is a graph of prices that are an advance of 25%, 
on those represented by OP. 
3. To obtain graph of shopkeeper’ s selling price. AQ = 15. Take 
R so that AR = 21. Then AR: AQ::21:15::140:100. Hence 
the graph OR represents prices that are an advance of 40 7 on those 
represented by OA. We have to find the cost of manufacture of an 
article that the shopkeeper sells for 17s. 6d. 
17s. 6d. = 210 pence. Let 5, inch represent 10d. Then the 
ordinate R is 21 divisions, and OA represents the corresponding cost of 
manufacture. But OA = 10 tenths of an inch, and therefore repre- 
sents 100d, i.e. 8s. 4d. 


Note.—If we draw any ordinate cutting OP, OQ, OR, we can read off all 
the prices, manufacturer’s, wholesale dealer’s, etc., corresponding to the 
cost of manufacture represented by the corresponding abscissa. 


Example 3—How many pounds of tea at 1s. 2d. and 2s, 10d. 
per lb. respectively must be taken to produce 10 lbs. of a mixture 
worth 2s. 6d. per lb. ? 

Take ee in. along OX to represent 1 1b., and ile in. along OY to 


HEE 


HeSaaee 
PREETI 
Sasha 


Fig. 13. 


represent £1. Let A be the point on OX corresponding to 10 lbs. 

10 lbs. of tea at 1s. 2d. costs 11s. 8d., i.e. £75, the cost of the 10 lbs. 

is represented by the ordinate AB where AB is yy in. Similarly 

AC represents the value of 10 lbs. at 2s. 6d., AC being equal to 
46 ins., and AD the value at 2s. 10d., AD being Lt i ins, 

Join OB, OC, OD. Draw CE parallel to OD, meeting OB in EH; 

draw the ordinate EF, and draw EG parallel to OX. 
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Now EF represents the cost of OF pounds of tea at 1s. 2d. per lb. 
E 


and GC ‘ i G x » 2s. 10d.: ,, 
and AC ig 3 OA : S 28-00 tileas 
But EF = GA .. EF + GC = AC 

and EG = FA 


Therefore cost of OF lbs. of tea @ 1s. 2d. per lb. + FA lbs. of tea 
at 2s. 10d. per lb. = cost of OA Ibs. of tea at 2s. 6d. 
Therefore we must take OF and FA lbs. of tea. 
But OF = 58 in. and FA = 3% ins. 
Therefore we must take 2 lbs. of tea at 1s. 2d. 
and Sil bse... 2s. 10d. 


Example 4.—A cricketer’s batting average at a certain time is 20. 
His next score is 48, and this raises his average to 24. How many 
innings did he have before the one in which he scored 48? 

Take a point A on OX, and on the ordinate through A mark off 
AB, AC, AD proportional to 20, 24, and 48. Join OB, OC, OD. 


NSH: 
o 


EE 


BERANE Ra ARR Ee 
_t 


‘ 


SDSS RARER REN aS 


mA Seu 


aon 
ss 


AKA 


eee [el le ta ele 
PAN 
i Eh eS 


NBR SAR Ree ERRORS 


AGN 


Fig. 14. 


Through C draw CE parallel to OD to meet OB in E. Draw EF, EG 
perpendicular to OX, AB respectively. Then if we represent a number 
of innings by OA, and the total number of runs obtained in OA innings 
at 20 runs per innings by AB, then AC represents the number of runs 
in OA innings at 24 runs per innings, and AD the number of runs at 
48 runs per innings. 

Hence we haye— 


: Wr) OF innings at 20 runs each give a number of runs represented 
y PE. 
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(ii.) FA innings at 48 runs each give a number of runs represented 
by GC. 
(iii.) OA innings at 24 runs each give a number of runs represented 
by AC. 
But FE = AG «. FE+ GC = AG + GO =AC 
Therefore OF innings at 20 runs each + FA innings at 48 runs 
each = OA innings at 24 runs each. 


Number of innings at 20 runs each | OF 
Number of innings at 48 runs each =AF 


But there was only one innings at 48. 
: ae OF 25:8 

Therefore registered number of innings = A ae 6 nearly. 

Example 5.—A and B are two towns 35 miles apart. At 9 a.m. 
P starts to walk from A to B at 4 miles an hour; after walking 
8 miles he rests for half an hour, and then completes his journey on 
horseback at 12 miles an hour. At 10 a.m. Q starts to walk from 
B to A at 3 miles an hour. Find (i.) when and where P and Q 
meet; (ii.) at what times they are 74 miles apart. 


BREAD USS RPS URS 

74,4 SESS See eRe eR 
BABA E BARES SSP SEARLE 

SRASEARAP ARTES 4 

ee pb Lp af re =e 

ABODE SRAR AAR eos y a a 

et eB ie Eh ekad ag ae h EeoR4Eam BEEPs S8HGS 

| | | REGRRRRA LS 


HATH 
i. 7 aunene 
10 eee H aa HEH 
mi Cocco H HEC 
HH | EEEHH +H 
EH 
: PECEEECEE 
pe Let | on BeaRR 
9 10 Wo) ~=NOON 12-30 1 12 eS ES a 
Fig. 15 


In the figure let the abscissae represent time and ordinates 
distances, the scales being # inch to the hour and 4 inch to 10 miles. 

Then considering the movements of P we have the graph OCDEF. 
It is obtained as follows: P is at the origin at9 a.m. In two hours’ time, 
i.e. at 11 a1m., P has travelled 8 miles; he is therefore at C, 8 of an 
inch along the ordinate corresponding to 11 o’clock. He now rests for 
half an hour, 7.e. he is still only 8 miles on his way at 11.80 a.m. His 
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position then is denoted by D. After this he travels at 12 miles an 
hour, the graph for this being the straight lime DNER. It will be 
noticed that N, his position at 12.30 p.m. is 20 miles on his way. 

Next, consider the movements of Q. At 10 a.m. he is at B, his 
position then is represented by the point G in the graph. Then the 
graph of Q’s movements is the line GMET, the distance from B that 
Q has travelled being at 11 a.m. represented by a, at noon by cd, and 
soon. ‘The graphs of the movements of P and Q meetin E. From 
the graph we see that they meet at 1 p.m., and that then P has 
travelled 26 miles and Q 9 miles. 

Gi.) To find when P and Q were 74 miles apart we run a graduated 
scale parallel to the axis OY, and the two positions MN, RT in which 
the distances MN, RT are equal to 74 miles give us the times. It 
will be seen from the graph that the tim-s are 12.30 p.m. and 

1.30 p.m. 


Example 6.—A can beat B by 20 yds. in 120, and B can beat C by 
10 yds. in 50. Supposing their rates of running to be uniform, find 
graphically how much start A can give C in 120 yds. so as to runa 
dead heat with him.’ If A, B, and C start together, where are A and 
C when B has run 80 yds, ? 


Y 


SEGESGC) “Foe meen TOAT Oo 
BESWS co Sse eRMeRRe ee Ces ai 
SBEES CoCo CG SERRE EREEE Ss). Gos een. 
ECCCCCCCCe eect Goat Bae a 
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Represent distances in yards along OX, 40 yds. being represented 
by lin. Let times be represented by distances measured along OY. 
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We have no absolute time given, so on the ordinate corresponding to 
120 yds. take A at a convenient distance, say, 2 in. Then OA 
represents the graph of A. Draw AB parallel to OX, cutting the 
100 yd. ordinate in B. Now, when A has gone 120 yds., B has only 
gone 100 yds.; the times are the same, therefore A and B must be 
on the same line parallel to OX, hence OB is the graph of B. B gains 
10 yds. on C in 50 yds., ze. B gains 20 yds. on C in 100 yds., hence 
if C in the figure is on the ordinate through 100 yds., OC is the graph 
of C. From the figure we see that for A and C to run a dead heat, A 
must give C 40 yds. start. 

To find where A and C are when B has travelled 80 yds. Let OB 
cut the ordinate for 80 yds. in Q. Draw RQP parallel to OX, cutting 
OA in Pand OC in R. Then when B is at Q, A is at P, and C at R. 
From the graph it is clear that A has run 16 yds. farther than B, and 
that C has run 16 yds. less. 


Example 7.—The monthly expenses of a boarding school are 
partly constant and partly proportional to the number of boys. The 
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expenses were Rs.275 for 40 boys, and Rs.850 for 55 boys. Draw a 
graph to represent the expenses ‘for any number of boys. Find from 
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the graph (i.) the expenses for 50 boys; and (ii.) the number of boys 
when the expenses are Rs.365. 

The graph will be a straight line, for if « be the number of boys, 
B rupees the constant expense, A rupees the expense for each boy, 
then the total expense E is given by the equation H = Ax + B. A is 
known, B is known, therefore E and # are connected by a relation of 
the form y = ax + b, and therefore can be represented by a straight- 
line graph. 

To draw the graph for the given sum we take 1 in. on the axis of 
y to represent Rs.50, and 1 in. to 10 boys on the axis of x, and we 
begin measuring abscissae at 30, and ordinates at 225. The point P 
has co-ordinates 40 and 275. The point Q has co-ordinates 55 and 
350. Join PQ; the line PQ is the required graph. R is the point on 
the line whose abscissa is 50; the corresponding ordinate is 325, so 
that the cost for 50 boys is Rs.325. 

T is the point on the line whose ordinate is 865. The correspond- 
ing abscissa is 58. Therefore, when the expenses amount to Rs.365, 
there are 58 boys. 


EXERCISE LVIII. 


1. Draw on one diagram from the following data the graphs showing 
the connection between the distance travelled and the time taken, the 
bodies moving uniformly along the road :— 


Starting place. Time of start. Speed. 


AGO 1 p.m 4 miles per hour from 0 
4 miles from 0 2 p.m. 3 miles per hour from 0 
10 miles from 0 3 p.m 5 miles towards 0 


2. A man walks uniformly at 34 miles per hour for a distance of 
10 miles. Draw the graph of his motion and find the time taken to 
travel 14 miles, and the distance travelled in 1 hour 42 minutes. 


3. A train leaves Madras at 8.80 and reaches Arkonam, 42 miles 
distant, at 9.30. Another train leaves Arkonam at 8.35 and reaches 
Madras at 10.35. Assuming the trains travel uniformly all the way, 
find when and where they pass. 


4. The Ceylon Boat Mail leaves Egmore at 6.40 and runs, without 
stopping at intermediate stations, to Chingleput 87 miles distant, the 
time of arrival being 8.15. A local train leaves Egmore for Pallavaram 
(a station between Egmore and Chingleput), and travels according to 
the following time table :— 
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creme. Station. Time of departure. 
~ Egmore 6.23 
1 Chetput 6.30 
3 Kodambaukam 6.37 
4 Mambalam 6.42 
5 Saidapet 6.48 
8 Mount 6.58 
11 Pallavaram 7.7 


At which station must the local train be shunted so as to allow the 
mail train to go through without being stopped ? 


5. A train leaves A for B (80 miles distant), and travels at 40 miles 
an hour. A quarter of an hour later another train leaves B for A, and 
travels at 48 miles an hour. Find (i.) when and where they meet; 
(ii.) when one train is just 11 miles away from the other; (iii.) for how 
long the trains are not more than 11 miles apart. 


6. A cistern can be filled by either of two pipes, the first in 4 hours 
and the second in 6 hours. The second pipe is opened, and after 1 hour 
the first pipe is also opened. How long will it take to fill the cistern ? 


7. A cistern can be filled by two pipes separately in 5 hours and 
8 hours, and emptied by a third tap in 4 hours. The cistern is empty 
and all the taps are turned on at once. How long will it take to fill the 
cistern ? 

8. A,B, C can do a piece of work in 10,12, and 15 days respectively. 
A and © work together for 3 days, and then are joined by B. How 
many more days are required to finish the work? 


9. A tradesman marks his goods 50 per cent. above cost price, but 
allows a discount of 5 per cent. on the marked price for cash. What is 
the cost of an article for which he receives Rs.14 4as.? What is his 
real gain per cent. ? 


10. A, B, and C are in partnership, and have contributed Rs.1000, 
Rs.1500, and Rs.2500 respectively to the capital. One half of the 
profit is divided equally among them for personal attendance, and the 
other half is divided in proportion to their shares in the capital. Find 
the amount received by each when the year’s profits amount to Rs.1500. 


11. How many pounds of tea at 1s. 2d. and 2s. 8d. per lb. respec- 
tively must be taken to produce 18 lbs. of a mixture worth 2s. 4d. 
per lb. ? 

12. In what ratio must teas, at 1s. 8d. and 2s. per lb. respectively, 
be blended to produce a mixture worth 1s. 6d. per lb. ? 

13. A grocer wishes to produce 24 lbs. of mixed coffee worth 12as. 
a Ib. He uses 6 lbs. of chicory at 3as. a lb., and for the remaining 
18 Ibs. he uses coffees at 10as. and Re.1 per lb. How many pounds 
of each kind must he use? 

14. A cricketer raises his average from 25 to 30 by scoring 80 runs 
in a certain innings. How many innings had he had previously ? 


40k . ARITHMETIC 


15. A cricketer has an average of 20 runs per innings. In the next 
three innings he scores 10, 35, and 55, and thus raises his average to 
25. How many innings did he have altogether ? 


16. A, starting at 1 p.m. from a town P, and walking uniformly at. 
81 miles an hour, reaches a town Qat5p.m. B starts from Q at 1.30 
p.m., and reaches P at 5 p.m. Find where A and B meet, and the 
speed at which B walks. 


17. A cyclist P, riding at 10 mi. an hour, sets out at 6 a.m., and 
after every complete hour of riding he rests for 5 mins. Another 
cyclist Q, riding at 12 mi. an hour, sets out at 6.30 a.m. in pursuit of P. 
Q also rests for 5 mins. after each complete hour of riding. When and 
where will Q catch P? 


18. A shop-keeper allows 25 per cent. discount on his advertised 
prices, and then makes a profit of 20 per cent. on his outlay. What is 
the advertised price of an article on which he gains Rs.60? 


19. In what proportion must tea at 14as. a lb. be mixed with tea at 
Rs.1 8as. a lb., so that the mixture may be sold at Rs.1 9as. a lb. at a 
profit of 25 per cent. ? 


20. The following details taken from “Interest Tables” give 
approximately the amount at compound interest of £1 at the end of 
the number of years indicated :— 


Number of years. 5 10 15 20 25 | 30 35 


Amount at 3 per cent. 1:16 | 1:34 | 1:56 |- 1°81 | 2:09 | 2°48 | 2°81 
- sick 1:22 | 1°48 | 1°80 | 2:19 | 2°67 | 3°24; 3:95 
5 6 1:28 | 1°63 | 2°08) 2°65 | 3°39 | 4°32 | 5°53 


9) 


(i.) Draw 8 separate graphs to illustrate these data. 
(ii.) Find the amount of £1 at the end of 12 years in each case. 
(iii.) Find in each case the number of years it takes a sum of money 
to double itself. 


21. Draw the graph to show the amount of £1 at the end of any 
number of years at simple interest at 5 per cent. 
Using the data given in question 20, find— 
(i.) The difference between the simple and compound interest on 
£1 at the end of 22 years at 5 per cent. 
(ii.) After how many years the compound interest is approximately 
the same as the simple interest at the end of 15 years. 
(iii.) After how many years the difference between the simple interest 
and the compound interest is approximately £1 10s. 


22. A cyclist has to ride 54 miles. He rides for a time at 10 miles 
an hour, and then alters his speed to 12 miles an hour, and takes 
altogether 5 hours to cover the distance. Find when he changed his 
speed. 

23. The distance between two stations, A and B, is 80 miles. A 
train leaves A for B at noon, and travels at the rate of 25 miles an hour ; 
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another train leaves B for A at 12.24 p.m., and travels at 45 miles per 
hour. Find when and where the trains meet. 

24. A man travels 90 miles in 4 hours, partly by coach and partly 
by rail. If he had gone all the way by rail, he would have taken only 
half the time, and would have saved two-thirds of the time he was on 
the coach. How far did he travel by coach, and what was the speed of 
the coach in miles per hour? 

25. A journey of 66 miles can be made either by steamer or by rail. 
The charge by steamer is one shilling for 20 miles, and by rail a penny 
a mile, If I spend four shillings for the journey, find graphically how 
many miles I must travel by steamer. 

26. In a certain game A can give B 20 points in 100; B can give C 
5 points in 100. Find graphically how many points A can give C. 


27. A man’s expenditure in a year is 80 per cent. of his income; 
and his income in any particular year is 10 per cent. more than that of 
the previous year. His expenditure in 1908 was less than his income 
in 1909 by £66. What was his income in 1907 ? 

28. Ina race A beats B by 12 yards, and C by 23 yards. When B 
runs the full course he beats C by 12 yards. Find the length of the 
course. 

29. Ina 100 yards race A beats B by 10 yards, and in 100 yards C 
beats B by 5 yards. If A takes 104 secs. to run the distance, how long 
do B and C take? 

80. At what time between 2 and 3 o’clock are the hands (i.) together, 
(ii.) 10 minute-spaces apart ? 

81. 1 inch = 2°54 centimetres. Draw a graph for expressing inches 
in centimetres, and from it find (i.) the number of inches in 10 cms, ; 
(ii.) the number of centimetres in 53 inches. 


82. Construct a graph by means of which it is possible to convert 
shillings per pound into rupees per viss. Rs.15 = £1, and 3 lbs. 
2 oz. = 1 viss. 

33. Draw a graph showing the relation between the number express- 
ing a price in shillings per pound and the number expressing it in 
francs per kilogram, and from inspection state how many shillings 
_ per Ib. are equal, to 3°6 francs per kilogram. 25:2 francs = £1, and 
1 kilogram = 2:2 lbs. 


Graphs of the form y = ax + b. 


34. In an examination the highest and lowest marks gained were 
respectively 126 and 21. These have to be adjusted so that the maxi- 
mum 100 is given to the first candidate, and the minimum 30 to the 
lowest. Draw a graph from which the adjusted marks can be read off, 
and find the adjusted marks corresponding to 30 and 63. 

One candidate’s marks are unaltered by the adjustment ; how many 
marks did he gain? 

35. The highest and lowest marks gained in an examination are 
150 and 60. The marks are to be reduced so that 150 becomes 100, 
and 60 becomes 50. Draw a graph and from it find the marks (to the 


O 


406 ARITHMETIC 


nearest integer) to be assigned to papers that obtained (i.) 188 marks; 
(ii.) 69 marks. 

36. The monthly salary of a clerk is increased each year by a fixed 
sum. In his seventh year of service his salary is Rs.65 per month, and 
in his fifteenth year it is Rs.85 per month. Find graphically (i.) his 
initial salary; (ii.) his salary in his seventeenth year. 


37. The cost of a dinner is partly constant and partly proportional 
to the number of guests. When there are 60 guests the cost is 
£31 10s., and when there are 100 the cost is £42 10s. Find graphically 
the cost when there are 75 guests. 


38. A gramophone with 10 records is sold for Rs.60, and the same 
gramophone with 80 records for Rs.90. Find graphically what the 
price should be for the gramophone with 20 records. 


39. The expenses of a photographer in connection with a group photo 
consist of two amounts, viz. Rs.15 for plate, travelling, &c., and 8as. for 
every print made. Find the least number of prints at Rs.2 each he 
must sell so as not to lose on the work. 


40. In experiments to determine the friction of brass on iron it 
was found that the friction (F lbs.) was partly constant and partly 
proportional to the weight (W). When W = 2 lbs. F = 0°38 lb., and 
when W = 8 lbs. F=1°75 lb. Find graphically (i.) the value of W 
when F = 2°95, and (ii.) the value of F when W = 6 lbs. 


CHAPTER XLII. 
EQUATIONS. 


An Equation is a mathematical statement that two ex- 
pressions are equal to each other. 


Certain problems in arithmetic assume the form of equations, and a3 such 
they may be easily solved. Such problems also admit of solutions which 
are more or less pure arithmetic, and it is suggested that each problem 
should be worked by both methods. 


An equation consists of two sets of terms— 


(a) “ Known terms,” i. terms express:d in terms of some 
known unit. 
(b) “ Unknown terms,” ¢.e. terms not so expressed. 
The values of the unknown terms, when found, are said to “ satisfy ” 
the equation, and the process of finding the value of these unknown 
terms is called “svlving the equation.” 


Kinds of Equations. 


1. Identical Equations, or “Identities,” as they are usually called. 
In these cases the statements are universally true, whatever values 
may be given to the unknown quantities; eg. the statement that 
(a +b? =a? + 2ab + U is always true, whatever may be the values 
given to a and b. 


2. Conditional Equations, or “ Equations” simply, as they are 
generally known. ‘The statements in this type of equation are true 
for certain values only of the unknown quantity; e.g. a + 12 = 20 is 
true only when a = 8. This kind only will concern us in this chapter. 


A few Axioms connected with Equations. 


. If equals be added to equals the wholes are equal. 

. If equals be taken from equals the remainders are equal. 

. If equals be taken from unequals the remainders are unequal. 
. If equals are multiplied by equals the products are equal. 

. If equals are divided by equals the quotients are equal. 


Oe Ne 


Processes based on the above Axioms. 


1. A term can be removed from one side of an equation to the other 
provided the siyn preceding that term is changed. 
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Leta —b=N. ; 
Then, adding 6 to each side— 


a—-b+b=N + d(Axiom 1) 
b= Nee... 8 


zc. b has been moved from one side of the equation to the other. 
Note that it appears as —b on the left-hand side, and reappears as +) 
on the right-hand side. 
Again, letta+b=N. 
Subtracting 6 from each side— 
a+b—b=N — db (Axiom 2) 
= sole oN eee a ta ee Gi.) 
It will be noted that +0 is removed from the left-hand side of the 
equation, and reappears as —b on the right-hand side. 


2. All the terms containing the unknown quantities should be 
placed on one side of the equation (usually the left), and all the terms 
containing known quantities should be placed on the other side (usually 
the right). 

This follows as a corollary of Process 1. 
In the equations just given, if a is an unknown quantity, and N and 6 


are known quantities, the unknown quantity can be arranged on one side, 
and the known quantities on the other. See (i.) and (ii.) above. 


3. It is advisable to clear off (i.e. to get rid of ) fractions before 
endeavouring to solve an equation. 

This is done by multiplying each side of the equation by the 
L.C.M. of the denominators of the fractions. 

If $a + #) = N, where a is an unknown, and 6 and N are known 
quantities, then, multiplying by 12 (the L.C.M. of 3 and 4), axiom 4, 
we get— 


8a + 9b = 12N 
Then 8a = 12N — 90 
Andis 12N — 9b 
8a 


Example.—An equal number of sovereigns, half-crowns, and pence 
amounts to £19 8s. 1ld. What is the number? (x.8.) 


Let N = the number. 


Then (240N + 80N + N)d = £19 3s. 11d. = 4607d. 
and 271N = 4607 
4607 
TE 4 ph scoala — Te By | 
N oF 
Ans. 17 of each. 


Or, reducing all terms to the lowest denomination— 


1 sovereign + 1 half-crown + ld. = 240d. + 30d. + 1d. = 271d. 
and £19 3s. lld. = 4607d. 
Then number of coins of each kind = 4607 ~ 271 = 17 
Ans. 17 of each kind. 
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Example.—The sum of the ages of A and Bis now 60 yrs., and 
their ages 10 yrs. ago were as5:3. Find their present ages. (C.PR.) 


If N years be A’s age, then (60 — N) yrs. is B’s age. Ten years 
ago A’s age was (N — 10) yrs., and B’s age was (50 — N) yrs. 


By question, N-10:50-—N::5:38 
“. 8(N — 10) = (50 — N)d 
and 3N — 30 = 250 — 5N 
and 8N = 280 
NN = 280+ 8 = 35 
”. A's age = 35, and B’s age = 25 
Ans. A, 35 yrs.; B, 25 yrs. 


EXERCISE LIX. 


Equations. 


1. Each member of a society subscribes as many pence as there are 
members in the society ; the total subscription is £29 8s. How many 
members are there? (.M.) 


2. The sum of £23 is made up of half-sovereigns, half-crowns, and 
sixpences. There are three times as many half-crowns as half-sovereigns 
and the number of half-sovereigns is to the number of sixpences as 
3:10. How many are there of each coin? (K.S.S.) 


8. If the ratio of threepenny to fourpenny pieces in a given sum, 
which consists entirely of those coins, were altered from3:7to7 :3 
the sum would be diminished by £20. Find the sum. (K.S.) 


4. A man finds that he has in his purse half-crowns, shillings, and 
sixpences. He calculates that the number of the half-crowns and the 
number of sixpences added together will exceed the number of the 
shillings by two; but that the value of the half-crowns and sixpences 
together is a shilling less than twice the value of the shillings; whilst 
the number of shillings in the value of the sixpences and shillings 
together is one less than double the number of half-crowns. How many 
coins of each kind has he? (.M.) 


5. Ifa person spends £50 more than }$ of a fixed income in a certain 
year, £35 less than }/ of it in the next year, and }} of it in the year 


after that, and his savings amount to £705, what is his income? (C.s.) 


6. On one day as many hundreds of oranges could be bought for 
half a sovereign as dozens could be bought for a shilling on the previous 
day. A woman bought 75 on each day, and paid altogether for them 
5s. 6d. How many oranges could be bought for sixpence on the first 
day? (c.P.) 


7. I have a certain sum of money wherewith to buy a certain 
number of nuts, and I find that if I buy at the rate of 40 a penny I 
shall spend 5d. too much, if 50 a penny 10d. too little. How much 
have I to spend? (C.PR.) 


8. A man ig 72 yrs. old, and his wife is 63. When they were 
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married he was half as old again as his wife. How long have they 
been married? (K.S.) 


9. The highest score in an innings was 2 of the total, and the next 
highest was 2 of the remainder. These scores differ by 8 runs. What 
was the total? (c.w.) 


10. In a workshop a certain number of men receive £1 a week each, 
three times as many receive £1 6s. 9d. each, and seven times as many 
receive 15s. 3d. each. The total amount of their wages for a week is 
£31 1s. How many workmen are there? (c.w.) 


11. The elder of two brothers inherited from his father ? more 
money than the other did. Since their father’s death the elder brother 
has increased his capital to the extent of 3 of its original value, and the 
younger brother has lost £707. He finds that he has now only £48 for 
every £100 that his elder brother has. How much had each of them at 
first? (C.8.L.) 


12. A man adds to his capital annually £50 more than the eighth 
part of the original amount, and at the end of 6 yrs. finds that the 
whole amounts to £11675. What was the original capital? (c.s.) 


13. Two brigands, A and B, robbed a traveller of £370; if A had 
taken £25 more, and B £25 less, A would have had 3 of what B took. 
How much did each take? (P.T.) 


14. On Monday a score of eggs cost as many pence as half a dozen 
chickens cost shillings. On Tuesday the price of eggs had fallen 123 
per cent., and the price of chickens had risen 25 per cent.; and on that 
day a chicken and a score of eggs could be bought for 4s. 6d. What was 
the price of a chicken on Monday? (c.s.t.) 


15. 700 eggs are sold partly at 16 for the shilling and partly at 18 
for the shilling, and the total price is £2. Show that, if the numbers 
sold at each price had been interchanged, there would have been an 
increase of 643 per cent. in the total. (c.p.) 


16. A iarm consists of arable land let at 20s. per acre, and pasture 
let at 30s. per acre, the total rent being £350. When the rent of 
arable land is reduced 5s. per acre, and that of the pasture 8s. per acre, 
the total rent is reduced by £90. Find how many acres are in the 
farm. (L.M.) 


17. Of boys returning to a school at the beginning of a term, the 
number of upper-school boys was to the number of lower-school boys as 
2 to 3. This ratio was maintained by promoting } of the lower-school 
boys to the upper school, and 105 new boys joining the lower school. 
How many boys returned to the school? (c.P.) 


_ 18. A man 51 yrs. old has a son and a daughter. Three years ago 
his age was half as great again as that of his wife. The wife is five 
times as old as the daughter, and two years ago was three times as old 
as the son. What are the ages of the son and the daughter? (c.p.) 


19. A, B, and C bought bacon at the same price per pound. A sold 
105 lbs. for the same sum that B charged for 1 cwt., and the difference 
between their rates of profit was 8 per cent. How many pounds did C 
sell for the same sum if his rate of profit was double B’s rate of profit ? 


(C.P.) 
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20. During the shooting season a sportsman used 370 cartridges to 
kill 261 hares and partridges. He used on an average 3 cartridges to 
kill 2 hares, and 7 cartridges to kill 5 partridges. How many hares did 
he kill? -(c.P.) 


21. I pay £212 10s. for a carriage and a pair of horses, one of the 
horses costing half as much again as the other. If, however, each horse 
had cost 15 per cent. more, and the carriage 19 per cent. less, the whole 
amount to be paid would have been unaltered. Find the respective 
prices of each horse and of the carriage. (C.8.) 


22. A house is offered for sale at an increase of 12 per cent. upon its 
cost price, but, not being disposed of, is offered again for £80 less than 
before. It being still unsold, this second offer is still further reduced 
by 22 per cent. of itself, and the house is then sold. Ifa profit of 4 per 
cent. is thus made, determine the original cost of the house. (0.8.L.) 


23. A tax having been increased from 5 per cent. to 7 per cent., the 
revenue derived from it was found to be diminished by one-third. Find 
the diminution in the consumption of the article. (L.M.) 


24. The uniform daily cost of dining alone is the same for each one 
of three men; but if two of them or three of them dine together, the 
cost is diminished at the rate of 4 per cent., or 11} per cent. for each 
man. A certain sum will pay the cost, either of three dining together 
for a certain time, or of two dining together for a week longer. For 
how many days will it pay the cost of one dining alone? (c.P.) 


CHAPTER XLIII. 
SQUARE ROOT. 


Involution.—If we take a number and multiply it by itself any number 
of times, the operation is known as Involution;eg.2x2x2x2x2=82, 
or, more briefly, 2° = 32. It will thus be seen that Involution is a 
form of continued multiplication, in which each factor is the same. 

Evolution.—The reverse of this operation is called Evolution. We 
are said to extract or evolve the root of the number, and the operation 
is one of finding a number which is the root of the given quantity ; e.g. 
8 is a root of 64, because 8 x 8 = 64, 

Square Root.-—The square root of a given number is either of two 
similar factors whose product is the given number ; e.g. 8 is the square 
root of 64, because 8 x 8 = 64. The square root of a given number, 
then, is such a number that, when multiplied by itself, produces the 
viven number, and for any given number the square of its square root 
is the given number ; eg. 

Given number = 36; square root = 6; and 6? = 36 


Perfect Square.—By a perfect square is meant a number whose 
square root can be expressed exactly by an integer (or integers) or by 
a fraction ; e.g. 121 is a perfect square, because its square root is 11; 
fy is a perfect square because its square root is 3. But the majority 
of natural numbers are not exact or perfect squares, for an examination 
of the numbers from 1 to 100 gives only 10, and from 1 to 1000 only 
31 perfect squares. But every number may be a root, because it may 
be raised or involved to any power; 7.e. it may be multiplied by itself 
any number of times. 

Some Properties of Perfect Squares. 

1 Squareroots: Ios eo) 6. 7;,. °8, 9; > Oe 

Perfect squares: 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 10,000 

Note that no perfect square ends in 2, 3, 7, 8, for not one of the 9 digits, 

multiplied by itself, will give a product whose units’ digit is either 2, 3, 7, 
or 8, Note also that no perfect square ends in an odd number of ciphers. 

2. ‘I'he number of integers in the root of a perfect square may be 
seen from a study of the following :— 

W=13 J/1 Sh (2) Squares consisting of 1 or 2 

92= 81: W781 =9 digits have 1 digit in the root. 

so aed pee (6) Squares consisting of 3 or 4 
10? = 100; »/100 = 10 digits have 2 digits in the root. 
100? = 10000; 10000 = 100 (c) Squares of 5 or 6 digits have 


10002 = 1000000; 1000000 = 1000 2 digits in the root; and so on. 
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Thus perfect squares consisting of (n — 1) or n digits have 5 digits 
in their root. 


3. Every perfect square ending in 5 has a root also ending in 5. 
Furthermore, no number ending in 5 can be a perfect square unless the 
tens’ digit ts 2. 

Let a represent the tens’ digit, and 5 the units’ digit. 
Then the number = 10a + 5 
(10a + 5)2 = 100a? + (2 X5 X 10a) + 5? 
= 100a? + 100a + 5? 
= a certain number of hundreds + 5? 
rar ” ” 9 aL. 25 
.. the tens’ digit must always be 2, and the last digit must be 6. 


4, The student ought to be able to recognize at sight the squares of 
all the numbers, 1, 2,3, .. . 15, 16. 


Pointing in Square Root.—From what has been said (p. 412), it 
will have been noticed that— 


a number having 1 digit has a square of 1 or 2 digits 
» 2» 2 digits nner gor4 ,, 


29 2? 3 9 9 ” 4) or 6 ”? etc. 


A glance at the digits 1, 3, 5 or 2, 4, 6 shows that the common 
difference is 2; hence, if a point or dot be placed over every alternate 
digit (beginning at the right-hand digit) in the number whose square 
root is to be found, the number of points or dots wiil give the number 
of digits in the root; eg.— 


_ 2916 has 2 points, hence the root has 2 digits 
3499025 ,, 4 9 ” ” A iiseay 
It will be noticed in the last example that the odd digit (3) counts as a 
pair. 

Method of extracting the Square Root.—The principle involved is 
not new. In the method of long division the remainder is diminished 
step by step by subtracting the several products of the divisor and the 
respective figures of the qu:tient. Similarly in square root the re- 
mainder is diminished by subtracting successive portions of the square. 
There is one important difference, however; in square root the 
remainder may be greater than the divisor. 

The rule for the extraction of the square root is derived from the 
algebraical formula— 


(a + bf = a? + (2a + b)d 
when written in this form— 
(a + b)? — a? = (2a + byb 
Example.—J/ind the square root of 6084. 


Pointing 6084, we see that the root will contain 2 digits, 7.e. the 
root must lie between 10 and 99. 


02 
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Now 70? = 4900) ; i.e. the square root of 6084 must lie betwen 70 and 
802 = 6400 ¢ 80, and 70 must be the tens’ value of the root. 
Let 6 be the units value of the root 


Then 6084 = (70 + 6)? = 702 + (2 x 70 + b)b 
= 70? 


4900 
Subtracting 1184 = (140 + d)d 
Rte ge 8 
7" 140 + 6 


Now 0 represents units and therefore db is not greater than 9, the 
denominator of the fraction is between 140 and 149. Therefore d is 
not greater than 8 nor less than 7. If we put b equal to8 in the above 
equation we find that the equation is satistied. Hence the unit is 8. 
The square root therefore is 70 + 8, @.e. 78. 


Example.—JLind the square root of 103041. 
Pointing, we see that the root will contain 3 digits, ¢.e. the root lies 
between 100 and 999. 


ee d fob : 3 Cen Hence the root lies between 300 and 400, 


Let 103041 = a? + (2a +b)b 
and (300)2, or 90000 = a? 


then, subtracting, 13041 = (2a + b)d 


We have found a (300) the square root of a? (90,000), and we now 
require to find 6. Thus 3800 is the first approximation. 
Since (2a + 6)b = 13041 
, — 13041 _ 13041 
~ 2a+ 6° 600+06 


Now, in the denominator b is always small compared with 2a (600). 
Then, if we divide the remainder by 600, we shall approximate to 
the correct number for the next digit in the root. Hence the next 

mate 13041 
approaimation ——-, 

(Note, as this approximation is for the tens’ digit, the quotient must be 
a multiple of 10.) 


= 20, with a remainder. 


Now, (2a + )b = 13041 
But (2 X 300 + 20)20, or 620 x 20 = 12400 


subtracting, we have 641 


Now let 641 = (2a + b)b, but note that both aand b have different 
values from those of the last approximation; @ is now the whole 
quotient (320); 6 has to be found. We proceed as in the last step. 

(2a + b)b = 641 
2 pe, AL eee 
"  2a+6~ 2X 320+ 6 
Now, disregarding b, $44 = 1 approximately ; hence 6 = 1 
then, since (2a + 6)b = 641 
(2 x 320+ 1)1 = 641 
1.2. 641 = 641 
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And since there is no remainder, 1 is the last approximation. ‘The 
three approximations (300 + 20 + 1) give the root, viz. 821. The 
process may be set out as follows :— 

1, Long Form. 

Remember that 103011 = a2 + (2a + b)bh = (a + bY 


103041 (300 + 204+ 1) 
(300)? = | 90000 = a? 


13041 = 103041 — (300)? 
(2 x 300 + 20)20 =| 12400 = (2a + 6)b Note the varying 
values of a and 6. 


641 = 103041 — (320)? 
(2x 320+ D1=| 641 =(2a+0)b 


2. Ordinary Form. 


103041(321 
9 It will be noted that— 
62 730 1. All unnecessary ciphers are omitted. 
| 2. Periods are brought down as required. 
124 3. The face value of the remainders and 
; divisors is taken, and not their real 
41/641 1 
641 values. 


a 


Method of Work.—Deduced from the *‘ Long Form ” above. 
First Approximation. 


1. Point the quantity. There are 3 dots; hence the root will contain 
3 digits, and 3 approximations will be necessary. 

2. The first period is 10, which lies between 9 and 16, the respective 
squares of 3 and 4. The first approximation, therefore, lies between 300 
and 400. 

3. Place 300 in the quotient as one part of the required root, and sub- 
tract its square (90000) from 103041. The remainder is 13041. 


Second Approximation. 


1. Divide 13041 by 2 X 300 for a new trial divisor, to find the second or 
tens’ digit of the root. 

2. The quotient is 20, with a remainder. Hence the remaining part of 
the root is less than 30. 

3. Place 20 in the quotient as the second part of the root, and subtract 
(2 x 300 + 20)20 or 12400 from 13041. The remainder is 641. 


Third Approximation. 
1. Divide 641 by 2 < 320 for a new trial divisor, to find the third or units’ 
digit of the root. : 
2. The quotient is 1, with re:nainder 1. 
3. Place 1 in the quotient as the third part of the root, and subtract 


(2 x 320+ 1)1 from 641. Thereisnoremainder. Hence 321 is the required 
root. 


General Rule.-—Deduced from the “Ordinary Form ” of extracting 
& root. 
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1. Point the quantity. . ; 

2. Find the greatest square number contained in the first period 
(counting from the left), and subtract it from that period. Place the 
root of this greatest square number in the quotient as in ordinary 
division. 

3. Bring down the next period and affix it to the remainder to 
form a new dividend. 

4, For a new divisor double the root in the quotient, and divide 
this quantity into the whole of the dividend except the last figure. 
The result will be a digit. Affix this digit to both the quotient and 
the divisor. 

5. Multiply the divisor thus formed by the digit last placed in the 
quotient. 

6, Subtract the product from the last dividend, and proceed as 
before. 

7. Repeat these operations until all the periods are exhausted. 


To find the Square Root of a Decimal Fraction. 
Since 12 = (Gy = aap lV 01 = 1 
» COL? = Gia = aohog = 0001_~=«*. 0/0001 = -01 


» (001)? = Gobo)? = ronda00 = 1000001 .*. 000001 = -001, 
etc. 


The Pointing of Decimal Places.—A study of the above figures will 
show that there are twice as many places in. the square of a decimal 
number as in the root itself; hence no decimal quantity ending in a 
significant digit can be the square of a decimal number, unless that 
decimal quantity contains an even number of places. If the number of 
decimal places is odd, a cipher must be affixed to make an even 
number. The decimal can then be pointed from left to right—the 
reverse of the process for integers. The method of extracting the 
root is the same in either case. 


Care should be exercised in the pointing of decimal places; eg. V9 is 
not ‘3. The rule for pointing will show this, -9 being ‘90, 00, 00, ete. The 
first period, therefore, is ‘90, not ‘9, and the first figure of the root will 
consequently be °9. 


Examples.—Ltract the square root of *08295 correct to three places 
of decimals. ; 
‘032950(-181 
Z 

28 (229 
(224 
061 |550 
361 


189 
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Example.— V/-00063. 
,'000630 (02509... 
4 


45 | 230 The first period is composed of 2 ciphers, 

| 225 which give a cipher in the root. The work 

5009 | 50000 then proceeds as usual from the first signifi- 
45081 cant digit (6). 


4919 


Example.—¥ 3-5 to three places of decimals. 
3:555555(1°885... 
1 


28 | 255 
. | 224 In extracting the root of a circulating 
368 | 3155 decimal it is advisable to write the decimal 
2944 in full, and to bring down the periods (55) as 
3765 | 21156 sees 
18825 
2330 


Irrational Numbers.—lIrrational or incommensurable quantities, 
or surds, are such as have not an exact root; that is, such numbers 
are not perfect squares. 


To find the Square Root of an _ Irrational 
Number. 


By the addition of ciphers the root may be carried out to any 
number of decimal places, and the farther the root is carried the 
greater is its accuracy. 


Example.—Find the square root of 3 to 5 places of decimals. 
3°0000000000(1°73205... 
1 


27 | 200 (a) (0) 
189 _ a3 lies between 1° and 2°0 
343) 1100 it also i hey Be Se 
* | 1039 " ga 
a + cart 99 9° A 32 ? 1:733 
3462 tel ys i 17320 ,, 1°7321 
_ 6924 ‘i > 173205 ,, 1: _ 
346405 | 1760000 ilo ae 
| 1732025 
27976 Ans. 1°73205... 


Note.—1. The square of any one of the quantities in the right-hand 
column (4) would be > 3. 

2. The square of any one of the quantities in the left-hand 
column (a) would be < 3, 

3. The difference becomes less at each step. In the last case 


it is only zo¢500° 
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Some Useful Roots to remember. A knowledge of 
them will often save the labour of extracting the square root. 
ort 14913 v,, WN Sie aT 82050... . 
V5 = 2236068... V6 = 2449490... 
10 = 3:162278 ... 
Square Root by Simple Division. —This is a labour-saving process 
for the extraction of the square root in long examples. If more than 


half the number of the digits in the root are found by the ordinary 
method, the remaining digits may be found by simple division. 


Example.—1»/-4115 to five places of decimals. 
Ordinary Method. Method of Division. 


"4115(-64148 “4415(641 
36 36 
124 | 515 2 515 
496 496 
| 1900 1281 | 1900 
1281 1281 
12824 | 61900 128) 619(48 
51296 512 
128288 | 1060400 107 
ean 104 
34096 3 
Ans. ‘64148, 


Note.—1. The first 3 digits in the root are obtained in the ordinary way. 

2. The quotient 641 is doubled, which gives 1282. 

3. The last digit (2) is cast away. If this digit is greater than 
5, the next digit is raised one unit; e.g. the divisor then 
would have been 129, and not 128. 

4. The last remainder (619) is then divided by 128 in the 
ordinary way for the next two digits (48). 

5. After each division one digit is cut off from the divisor, and 
no ciphers are added to the dividend. 


Rule.—1. Double the part of the root already found. 
2. Reject the units’ digit. 
3. If the rejected digit is greater than 5, raise the next 
digit to the next unit. 
4. Divide the result into the remainder until the required 
number of digits is obtained, recollecting to cut off 
one digit from the divisor after each division. 


Limit of the Division Rule.—When (n + 1) digits have been 
found by the ordinary process, then and sometimes (m + 1) may be 
found by the division process, where n equals half the number of the 
digits in the required root. If (m + 1) be greater than 5, then (n+1) 
more digits may be found by division; but if (a + 1) be equal to or 
less than 5, then » only can be depended on. 
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Example.— Find V3 to eight significant figures. 


] 3) 1°7382050807 Contracted Method. 
1 1 1 3) 1°732050807 
a —- 27 200 
27 200 343 1100 
7 189 3462 7100 
ae 345405 1760000 
343 1100 27975 
3 1029 263 
foe 21 
3462 7100 
2 6924 
34G405 1760000 
1732025 
27975 
27712 
263 
242 
aM Ans. 1°73205081. 


Note.—1. Five digits are found by the ordinary method. 
2. The remaining digits up to 4 (1 less than 5) can be found by 
long division. 
3. In the short form the subtrahends are omitted. 
Given the square of one number, to find the square of another 


number without going through the operation of squaring. 
The digits of the first number must be contained in the second. 


Example.— Given that the square of 54 is 2916, find the square of 
543. (c.w.) 
Given (54)? = 2916 
thon (540)? = 291600 
and (543)? = (540 + 3)? = (540)? + (2 x 540 x 3) + 3? 
= 291600 + 3240 + 9 = 294849 


This solution is based on the algebraic formula (a4 + b)? = a? + 2ab-+ 6% 


Given the square root of a number, to find the square root of 
another number without going through the ordinary operation of 
finding the root. 


Example.—Given that the square root of 15625 is 125, find the 
square root of 1582564. 
1582564 — 1562500 = 20064 
Given the root of 15625 = 125 
then by inspection the root of 64 is 8 
The required root, therefore, is 1258 


Note that 20064 = 200004 64 
= 2(1250 x 8) + 8? 
where 1250 and 8 are noted by inspection. 
To find the smallest number by which a given number must be 
multiplied or divided to make it a perfect square ; ¢.g. 3240. 
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Resolve 3240 into its prime factors. 
2/3240 


2|1620 


—. The prime factors are2x¥2x2xX5xX3x3x3x3. 
5| 405 Rearranging, we get (2 x 2) x (3 x 3) x (3 X 8) X 5 x 2. 
The last two factors are dissimilar. Take them out. This 
is equivalent to dividing the whole quantity by 10. Then, 


3} 81 if 3240 be divided by 10, the quotient (334) is a perfect 
oars square. Or, if 3240 be multiplied by 10, the product 
ST (32400) is a perfect square. Hence 3240 must be multi- 
plied by 10 to make it a perfect square. 
3 9 
3 3 
if 


To find the smallest number which must be added to or sub- 
tracted from a given number to make a perfect square. 


7294(85 
64 
foe There is a remainder of 69. The given number 
165] 894 7294 is, therefore, too great by 69, and 69 is the 
895 smallest number which can be subtracted to convert 
the given number into a perfect square. 
69 


Since (86)? = 7396, then the smallest number to be added to convert 
7294 into a perfect square is 7396 — 7294 = 102. 


To find the Square Root of a Vulgar Fraction. 


Rule.— Find the least number that multiplied with the denominator 
will make a perfect square. Multiply the numerator and denominator 
by this number. The value of the fraction will be unchsnged. Find 
now the square root of the numerator to as many places of decimals as 
may be necessary, and divide the result by the square root of the 
denominator. 


Example.— Find the square root of 43. 
The denominator 20 = 4 x 5 = 22 x 5, 
To make the denominator a perfect square we must multiply by 5. 


Thee 3x5 65 765 _ 8:0622 
bbs: 20x5 100 10 10 


Ans. *80622. 
Example.—Tind the square root of 7. 


Bene 55 X 7 __ 385 _ 19°62144 
2 — HW 5S Be a ead aaa Ere Patten ee Ss S19 . 
V7 = VR hee : : 280306 


’ 


SQUARE ROOT 421 


THHORY. 


1. Give algebraically the rationale of the process of finding the 
square root in arithmetic, and illustrate clearly by reference to the 
numbers 289 and 10609. (P.T.) 


2. Explain the rule for pointing in the extraction of the square roots 
of whole numbers and decimals. (L.M., C.W., R.M.A.) 


3. How can you determine by inspection the number of digits in 
the square root of any integer? Give full reasons for your answer. 
(P.E.A.) 


4, Prove that no whole number which is a perfect. square can end in 
any one of the digits 2, 3,7, and 8. (p.z.A.) 


5. Give with examples rules for shortening the process of squaring a 
number. (c.w.) 


EXERCISE LX. 


Extract the square root of each of the following whole numbers :— 


1. 549081. i) 6. 3915380829. (1.m.) 

2. 546121. (c.PR.) 7. 3344771556. (c.s.) 

3. 63409369. (R.M.A.) 8. 10074538884. (r.m.) 
4, 13104400. | (c.s.) 9. 657836167041. (0.3.) 
5. 231496225. (c.s.) 10. 196540602241. (x.m.) 
Find the square root of the following decimals :— 

11. 0001. (c.s.) 20. 49381-7284 (2). (c.P.) 
12. -000625. (P.z.A.) 21. 5-9 (3). (s.x.) 

13. 0°571 (4).* (s.x.) 22. 2°420064 x 312°481 (4). (u.M.) 
14. 007 (4). (c.8.) 23. 0°051 (4). (8.x.) 

15. 000056 (5). (0.R.) 24.,14°4 (5). (u.M.) 

16. -101321183 (5). (c.pr.)  25%,-00005120459 (6). (c.P.) 
17. -0029929 (6). (L.M.) 26. 12:1 (7). (u.m.) 

18. ‘081 (6). (u.M.) 2'7 197°96492 (7). (R.M.A.) 
19. 363-201 (2). (e.7.) 28. 00905477 (8). (c.s.) 


Find the square root of each of the following fractions :— 


| 29. 7 (to 7 places.) (P.P.) ee. . {GC M.) 


| 80. 2 (to 4 places.) (c.s.) _ (83. rae oa M.) 
81. 2%. (u.M.) 34. NET go, (r.1.) 
Find the square root of each of the following mixed numbers ;— 
35. 10; (0.R.) 36. 274, (0.8.) 87. 144% 22x« §. {0.8.) 
38. /69)%2 — (23). (c.w.) 89. Bh» (O-M-) 


* The digit in italics after the decimal indicates the number of places 
to which the square root is to be obtained correctly. 
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Extract the square root of each of the following recurring decimals :— 

40. :4 (to 4 places). (1.1.) 43. 4694. (c.s.) 

41. :00675 (to 5 places). os.) 44. °287 (to 3 places). (C.PR.) 

42. -168 (to 4 places). (0.8.1) 

45. Calculate, to 7 places of decimals, the difference between 
Nivend ttt, (1.0) 

46. Find the difference, correct to 4 decimal places, between the 


square root of and twice the square root of ‘2. (K.S.S.) 


7 
Pane 


47. If 2:23 be taken as the square root of 5, show that the error 
must be less than ‘01. (K.S.) 


48. The first four figures of a square root are 52°82, and the 
remainder is ‘478. Continue the extraction for three figures more 


(a) by the contracted method, (b) by the ordinary method. (L.1.) 


CHAPTER XLIV, 
MEASUREMENT OF AREA. 


Tue term dimension means measurement. 

A Line has one dimension only—length; %.e. it can be measured 
in only one direction. 

A Surface has two dimensions—length and breadth. 

The Area of a figure is the surface enclosed within the lines which 
bound it. : 

The area of a figure is expressed by the number of times it contains 
a given unit of measure. This unit of measure 
is a square, the side of which measures one 
unit—one inch, or one foot, or one yard, etc. 
Thus a square which measures one inch in its ONE 
side is called a square inch. 

A Square Inch must be carefully distin- | SQUARE 
guished from an inch square. A square inch is INCH. 
not a shape, but an amount of surface. An inch 
square is a shape and an amount of surface. 
The above diagram is both a square inch and 
an inch square. 

The rectangle is the commonest plene figure treated of in 
arithmetic. 

A Rectangle is a plane figure bounded by four sides having all its 
angles right angles. 


The opposite sides of a rectangle are equal to one another. 
If all the sides of a rectangle are equal, then the figure is said to bea 
square. Thus a square is a particular kind of rectangle. 


To find the Area of a Rectangle. 


Multiply the number of linear units in the length by the 
number of units of the same denomination in the breadth ; 
the product is the number of corresponding square units in the 
area. 


A common error is to say :— 
Sin, X 2 in. = 6 8q. in. 


This is wrong, since we cannot multiply an inch by an inch any more 
than we can multiply a pint by a pint. 
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It is, of course, permissible to say— 
3 sq. in. X 2 = 6 sq. in. 
Long custom has practically sanctioned the following : 


“To find the area of a rectangle, multiply the length by the 
breadth.” 


- This must be regarded as an abbreviated form of the statement 
above. 


To find the Area of a Square.—Multiply the length of a side by 
the length of a side, or, since the sides are equal, square a side. 


Example.— The length of a rectangular blackboard is 5 ft. 6 in., 
and tis breadth is 3. ft. 8 in. Find tts area. 


Taking a foot as the unit of length, and the square foot as the 
corresponding unit of area, we have— 


Number of units in the length = 53 
3 : breadth = 33 
” ) area = D5 x 32 
ed: eee 
=f x ty = 1p = 205 


But each of the units of area is a square foot. 
”. the area = 203 sq. ft. Ans. 


Given the Area and the Length or Breadth of a Rectangle, to 
find its Breadth or Length. 


Let the number of units in the area = A 
and let the number of corresponding) _ L 
units in the length } Fi 
also let the number of corresponding) _ B 
units in the breadth \ BS 


Then Lx B= A 
Consequently L = 


El > Op 


and B = 


Thus we get the Rule— 


Divide the number of units in the area by the corresponding 
number of units in the breadth (or length), and the quotient is the 
number of units in the length (or breadth), 

As a corollary to this, the rule follows that to find the length of 
the side of a square we must find the square root of the area of the 
square. 
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Carpeting a Room. 

Carpets are generally sold by the 
linear and not by the square yard; 
they are usually 27 in. wide. 


Suppose a small rectangle 10 ft. long 
and 63 ft. broad is to be covered with 
carpet 27 in. wide. We could lay down 
strips a, 6, and c, each 10 ft. long and 27 
in. wide. The total length of carpet used 
would be 30 ft. The rectangle EF (30 it. 
long and 27 in. wide) would be equal in D C 
area to the rectangle ABCD (10 ft. long 
and 6} ft. wide). 


Example.— How much carpet, 27 in. wide, would be required to 
cover a room 18 ft. long and 12 ft. broad ? 

Taking a foot as the unit of length, and consequently the square 
foot as the unit of area— 


Number of units in the length = 18 
breadth = 12 
i 9 area = 18 x 12 


The problem now becomes: If a rectangle has an area of 
18 x 12 sq. ft. and a breadth of 27 in. (or 2} ft.), what is its length? 
And the length of such a rectangle will be the length of the carpet. 


number of units in the area 
number of units in the breadth 
18 x 12 
ee On 


Ses 
a4 


9 ” 


7 
Number of units in the length 


Length of carpet = 96 ft. = 32 yds. Ans. 
To find the Area of the Walls of a Room. 


D Length Wid/h Length Width © 


Suppose that the walls of the room are spread out flat, so as to form a 
large rectangle as shown above. The area of this rectangle will be the 
product of the length AB and the breadth AD. 

The length AB is the perimeter of the room ; t.e. the length round the 
room. 
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From the diagram the perimeter = length + width + length + width 
= (length + width) x 2, or 2(L + W) 
The breadth of the rectangle is in this case the height of the room. 
Hence we arrive at the following :— 
Area of walls of a room = perimeter x height 
= (bee 2 x 
Hence— 
To find the Perimeter of a Room, multiply the sum of the length 
and width by 2. 
To find the Area of the Walls of a Room, multiply the perimeter 
by the height. 
To find the Amount of Paper required to cover the Walls of a 
Room. 

Having found the area of the walls of the room in accordance with the 
preceding paragraph, we next adopt exactly the same method as that 
employed in estimating the length of carpet required to cover a room. 

Example.— What would be the cost of papering a room 17 ft. long, 
13 ft. wide, and 14 ft. high with paper 2 ft. 6 in. wide, costing 44d. a 
yard? (0.8.) 
Perimeter of room = (17 ft. + 18 ft.) x 2 
Area of walls = (80 x 2 x 14) sq. ft. 
14 
Length of paper required = SO genes = siaing 
2 
Cost of paper at 44d. per yard oS _380x2~x 14 x léd. 
13d. per foot) rs 9 = 
= £2 2s. Ans. 
Papering the Walls of a Room, and allowing for Windows, 
Doors, etc. 


In theory, the area covered by windows, doors, etc., should be 
subtracted from the total area of the walls; in practice, windows and 
doors save the paper little, if at all. The pattern has to be matched, 
and the presence of doors, etc., only increases the waste. 


Example.—A room 25 ft. 7 in. long, 16 ft. 9 in. broad, and 
157 ft. high, has 3 windows each 5 ft. by 3 ft. 6 in., a door 7 ft. by 
4 ft., and a fireplace 5 ft. by 6 ft. Find the cost of papering the walls 
with paper & yd. wide at 44d. per yard. (C.8.) 


Total area of walls = 2 x (257% + 163) x 158.2 sq. ft. 
= 2x 147 x Shr? sq. ft. = 1293 aq. ft. 
Area of 3 windows, ean = (3x5x3}) + (7x4) + (5x6) sq. ft. 


and fireplace 
525 + 28 + 30 = 1103 sq. ft. 
Area to be covered with paper = (1293 — 1108) sq. ft. = 11821 sq. ft. 
= 2565 gq. ft. = 2865 sq. yds. 
Number of yards of paper) _ os65 . 5 
required lS ee 


II 


2365 x 8x4id. © 


18 x 5 
= £3 18s. 10d. Ans. 


Cost of paper at 44d, per yard = 
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Covering the Middle of a Room with Carpet, making Paths 
round Gardens, etc. 

Drawing a diagram will frequently help the student to solve 
problems of this class. 

Example.— A room is 28 ft. 4 in. long, 15 ft. 6 in. wide. Its floor 
is covered with linoleum worth 2s. 8d. per square yard, and upon this 
are placed two equal square carpets worth 4s. 6d. a square yard, the 
carpets being so arranged as to leave a margin of 3 ft. all round 
the room. The space between the carpets is covered with a piece of 
furniture worth 10s. for every square foot of its base. Find to the 
nearest penny the expense of the whole. (C.P.) 


A 2835 ft. MB 


D N C 
Draw the rectangle ABCD showing dimensions of room. 
Area of linoleum = (284 x 153) sq. ft. 


91 r 
Hos X 18 x 23 = £6 10s, 1290. 
Next draw the carpets EFGH, and IJKL in position. 
Since the carpet must be 3 ft. from the wall, MJ and KN are 
each 3 it. long. Therefore the length (JK) of the carpet must be 
154 ft.— 6 ft., or 95 ft. 


Cost of linoleum in shillings = 


Area of one carpet = ey x 93) sq. ft. 
» two carpets = (95 x 95) sq. ft. x 2 
Cost of the two carpets) 94 x 94 x 2 x 4$ 


AL 
in shillings 9 2 — 3615, = £4 10s, 3d. 
The next problem is to find the area of the rectangle FILG between 
the carpets. 
FG (i.e. JK) has already been determined to be 94 ft. long. 
FI = AB —- OE — EF — IJ — JP 
= (261 — 3 — 9} — 94 — 8) ft, = Bh ft. 
Area of rectangle FILG = (94 x 34) sq. ft. 
Cost of the furniture a me 
pounds 5 


= 190 = £15 16s. 8d. 
Total cost to nearest) _ ee. 
aay @ } = £6 10s. 1d. 4 £4 10s. 3d. + £15 16s. 8d. 
= £26 17s. Ans. 
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Example.—A path 9 ft. wide, running all round a square park, 
has an area of exactly 3ac. Find the 
M B area of that part of the park enclosed by 
: the path. (C.8.L.) 


Draw the square ABCD, and the square 
EFGH within it. 

The area of the path = area of ABCD 
— area of EFGH = 8 acres. Produce the 
sides of the inner square as shown in the 
diagram. 

Then the rectangle MEJB is } of the 
area of the path, and has an area of # ac. 


D K.C 
The breadth (ME) of the path is 9 ft. (or 3 yds.). 
gac. 3x 4840 x 9 


S0te | 4% 9 
= 3630 ft. = 1210 yds. 


= (1210 — 8) yds. = 1207 yds. 


1207 x 1207 sq. yds. 
1456849 sq. yds. 

_ 1456849 sq. yds. 
~ 4840 sq. yds. 
= 391 ac. 9sq. yds. Ans. 


.”. the length (MB) of the path ft. 


The length (EF) of the side of 
the square EFGH } 
Area of square EFGH 


I| 


acres. 


Frequently problems in areas require a knowledge of square root 
and of Euclid I. 47. This proposition states that in a right-angled 
triangle, the sum of the squares upon the sides 


A containing the right angle is equal in area to 
the square upon the side opposite to the right 
angle. 


Thus in the right-angled triangle ABC, the 
square on AB + the square on BC = the square 
on AC, 

B re If AB be 3 ft. long, and BC 4 ft. long, then 
the length of AC can be found. 


For AC? = AB? + BC? (I, 47) 
Substituting, AC? = 82 + 42 = 25 

and AC = 4/25 
length of AC = 5 ft. 


The student should notice that if the sides of a triangle are as 3: 4: 5, 
the triangle is a right-angled triangle. Similarly, a triangle with sides as 
5; 12:13 is right-angled. 
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To find the Diagonal of a Rectangle, the Length and Breadth 
of the Rectangle being given. 


BD? = BC? + DC? 
-, BD = V7 BC? + DC? 


D Cc 


Rule.—To find the diagonal of a rectangle, find the square root of 
the sum of the squares of two adjacent sides. 


From this follows as a corollary — 
To find the diagonal of a square, find the A B 
square root of twice the square of a side. ? 
Example— There is a square en- 
closure of 10 ac.; a man walks at the 
rate of 3 mi. an hour along one side, 
along a diagonal, along another side, 
and so returns along the other diagonal 
to the starting point. How many minutes 
does it take him to walk the distance ? 


(S.K.) 


Let the square enclosure be repre- 
sented by ABCD. D o) 


Length of side AB = 710 ac. = 10 x 4840 yds. 
= »/48400 yds. = 220 yds. 
Length of diagonal AC = / AB? + BC? (I. 47) = /2AB? 
= J/2 x 48400 yds. = 96800 yds. 
| = 311 yds. (approximately) 
If be starts from the corner A, he walks along AB, BD, DO, CA, 
i.e. he walks 2(AB + AC) = 2(220 + 311) yds. = 2 x 531 yds. 
The problem now becomes: If he walks 8 x 1760 yds. in 60 min., 
in how many minutes will he walk 2 x 531 yds.? 


60 x 2 x 581 
| Re eg oes eee 
Number of minutes = —3-477@0 = “44 = 127; 


Wi 3 * 
Ans. 122, min. 
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THEORY. 


1. Show by means of diagrams the difference between— 
(a) A square inch and an inch square. 
(b) Three square feet and three feet square. 
2. What is the result obtained on multiplying— 
(a) 3 by 3. (0) 3 ft. by 3. (c) 3 by 8 ft. 
(d) 3 ft. by 3 ft. (ce) 3. sq. ft. by 3. © (f) 3 by 3 sq. ft. 
Give reasons for your answer in each case. (C.W.) 
8. Distinguish between the area of a room and the area of the walls 
of a room. 


EXEROISE LXI. 
AREAS. 
Given the Length and Breadth, to calculate the Area. 


1. Find the area (in yards, etc.) of the floor of a room 20 ft. 6 in. 
long by 25 ft. 9 in. broad. 


2. Find the area of a rectangle 2°38 in. in breadth and 3°14 in. 
in length. 


3. Find the area of a rectangle 976 lks. by 638 Iks. 
4, Required the area of a square, the side being 23 ft. 9 in. 


5. Find the area of a square field, the side of which measures 
9 ch. 45 lks. (C.8.) 


6. Find the area of a court 59 ft. 4 in. long and 48 ft. 9 in. wide, 
and also the cost of paving it at 4s. 6d. per square yard. (C.PR.) 


7. Each side of a square common measures 284 ch. What would 
be its value, estimated at the fourth part of a farthing per square inch ? 
(Chain = 4 po.) (C.P.) 

8. A parish contains 6 mi. of roads of an average breadth of 44 ft. 
Find the extent of these roads in acres. (C.S.L.) 


9. A railway covers ground to the breadth of 22 yds. How many 
acres will be covered by a mile of the railway? (8.1.C.) 


10. The daily issue of a newspaper is said to be 30000 copies. 
Three days of the week it consists of 2 sheets, and the remaining three 
of 3 sheets. Ifa sheet be 23 ft. long and 13 ft. broad, find the number 
of acres, etc., which the weekly issue of the newspaper would Hee 

C.P.) 


11. A farmer pays £4 16s. 8d. a year as rent for a square tillage 
field, 200 yds. broad. A quarter of the surface consists of bare rock, 
and 1000 sq. yds. of the rest is occupied by a lake. What rent per acre 
does the farmer really pay for the tilled portion of the field? (P.T.) 


12. A rectangular field is twice as long as it is broad, and it would 
cost £92 8s. to put a fence round it at 3s. 6d. per yard of fence. Find 
the area of the field in acres. (C.S.L.) 
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13. A rectangular field is ? of a mile round, and the length is twice 
the breadth. Determine the area in acres. (0.8.L.) 


Given the Area and the Length or Breadth, to find the Breadth or 
Length. 


14. The area of the floor of a room is 485 sq. ft. ; the length is 30 ft. 
Find the breadth. 

15. Find the length of a room 11 ft. 11 in. wide, the floor of which 
is just covered by a carpet 17 sq. yds. 2 sq. ft. 131 sq. in, 

16. The area of a rectangular piece of land is 53 ac.; one side 
measures 250 yds. What is the length of the other side? (P.1) 

17. If aroll of paper one mile long will cover 1210 sq. yds., how 
wide is the paper? (0.R.) 

18. A rectangular court, 44 ft. long, is paved with 1936 tiles, each 
being 6 in. square. What is the width of the court? (c.P.) 

19. What must be the breadth of a piece of ground whose length is 
404 yds., in order that it may be twice as great as another piece of 
ground whose length is 143 yds., and whose breadth is 187, yds.? (P.P.) 

20. The floor of one room is 13 ft. 4 in. long and 12 ft. 3 in. wide. ; 
the floor of a second room is 5 ft. 4 in. longer, and its area twice as 
great. How much wider is it? (C.P.) 


EXERCISH LXII. 


Carpeting a Room. 


1. How many yards of carpet are required to cover a floor 12 yds. 
long and 5 yds. 1 ft, wide, the width of the carpet being 3 of a yard ? 
(P.T.) 


2. If linoleum cost 2s. 3d. per square yard, what would it cost to 
cover a floor 18 ft. long by 10 ft.6 in. wide? (C.P.) 


3. A floor is 27°3 ft. long and 20°16 ft, broad. What will be the 
cost of covering it with matting 2°4 ft. broad at 2s. 6d. a yard? (C.8.) 


4, Find the cost of carpet 2 ft. 3 in. wide for a room 20 ft. 3 in, long 
by 13 ft. 4 in. wide, at 5s. a yard. (R.M.A.) 

5. Find the cost of the carpet, 27 in. wide, required to cover the 
floor of a rectangular room, 8 yds. long and 6 yds. wide, at Is. 8d, a 
linear yard. (c.w.) 


6. Find the number of yards of matting required to cover a room 
29 ft. 6 in. long by 18 ft. 4 in. wide, the matting being 20 in. wide. (C.P.) 


7. If it costs £16 to carpet a square room 24 ft. broad, what would 
it cost, at the same rate per square foot, to carpet an oblong room 18 ft. 
by 15 ft.? (P.7.) 

8, If the carpet for a room 17 ft. 6 in. long and 12 ft. wide costs 
£4 1s, 8d., what will be the cost of a carpet of the same material for a 
room 23 ft. 3 in, long and 16 ft. wide? (0.8.L.) 
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9. Find what fraction of the floor of a room 21 ft. 9 in. by 18 ft. 
8 in. is covered by a rectangular carpet 17 ft. 1} in. by 16 ft, 11 in. 
(L.M.) 


Area of Walls of a Room. 


10. What is the area of the walls of a room 22 ft. long, 14 ft. wide 
and 9 ft. high ? 


11. How many square yards of paper would be required to cover the 
walls of a room 23 ft. 5 in, long, 18 ft. 7 in. wide, and 9 ft. 6 in. high ? 
(P.E.A.) 


12. What would it cost to colour the walls of a room 10 ft. high, 
16 ft. long, and 4 yds. wide, at 33d. per square foot? (P.T.) 


13. Find the expense of papering the walls of a room 22 ft. long, 
17 ft. wide, and 12 ft. high with paper 2 ft. wide, costing 43d. per yard. 
(0.S.1.) 
14. Find the cost of papering a square room 17 ft. 4 in. long and 
14 ft. 3 in. high with paper 1 ft. 7 in. in width, at 1s. 8d. per yard. 
(0.R.) 


15. An oblong room 18 ft. in length contains the same area as a 
Square room whose side is 15 ft. Each room is 10 ft. high. Find by 
how much the surface of the walls of one room exceeds the surface of 
the walls of the other. (P.t.) 


Papering or painting the Walls of a Room, with deductions for 
Window, etc. 


16. How many yards of wall paper 22} in. wide will be required for 
a room 20 ft. long, 16 ft. wide, and 10 ft. high? Sixty square feet are 
to be deducted for window and door space. (P.E.A.) 


17. Find the number of yards of paper 2 ft. wide required for a 
room 39 ft. long, 25 ft. wide and 10 ft. high, allowing for a door 7 ft. 
high and 6 ft. wide, two windows each 6 ft. high and 4 ft. wide, and a 
fireplace covering 18 sq. ft. (c.P.) 


18. Find the expense of papering a room whose length is 28 ft., 
breadth 20 ft., and height 10 ft. with paper 16 in. wide, at 10d. per yard, 
allowing for a fireplace 5 ft. by 4 ft., a door 7 ft. by 4 ft., and two 
windows, each 5 ft. by 3 ft. (¢.w.) 


19. A house is, on three sides, re-lathed and re-plastered. It stands 
on a base 44 ft. square, and is 28 ft. high. Two of the sides have four 
windows each; the other only two. Hach window measures 6 ft. 
by 4 ft. Supposing the cost to be at the rate of Qs. 4d. per square yard, 
what is the whole expense? (c.P.) 


20. Calculate the cost of paper for a room 18 ft. long, 16 ft. broad, 
and 12 ft. high, allowing 40 sq. ft. for doors and windows, the price of 
the paper being 2s. 4d. per piece of 12 yds. long and 21 in. broad. 

(C.PR.) 

21. How much will it cost to paper a room 18 ft. 6 in. broad by: 
20 ft. long and 11 ft. high with paper costing 9d. per square yard? The 
room has a door 4 ft. broad by 7 ft. high, and a window 5 ft. broad by 
8 ft. high. (0.R.) 


MEASUREMENT OF AREA 433 


22. A room 30 ft. long and 24 ft. wide has the lower part of its walls 
papered to a height of 16 ft., the upper part being covered by a painted 
frieze; the paper is 27 in. wide and cost 6d. a yard, and the painting 
cost 4d.a square foot. The total cost of papering and painting is £9 4s. 43d. 
Assuniing that the doors and windows occupy 4; of the frieze and } of 
the lower part of the walls, find the height of the room. (0.3.) 


23. What length of paper 2 ft. 3 in. wide will be required to cover 
the walls of a room 13 f¢. 3 in. high, 22 ft. 7 in. long, 17 ft. 5 in. broad, 
containing a door 10 ft. 6 in. high by 4 ft. broad, two windows, each 
9 ft. 4 in. high by 5 ft. 3 in. broad, and two fireplaces, one 4 ft. high by 
5 ft. broad, and the other 4} ft. high by 6 ft. broad? (0.R.) 


24. A room is 21 ft. 4 in. long and 15 ft. 9 in. broad; the door and 
windows together occupy 65 sq. ft., and the cost of papering the remain- 
ing part of the surface of the walls with paper 25 in. wide, at 3s. 9d. 
per piece of 12 yds., is £2 8s. 8d. Find the height of the room. (0.8.L.) 


25. A room is 19 ft. 4in. long, 12 ft. 2 in. wide, and 10 ft. 6 in. 
high. Find the difference of cost of papering the walls with English 
paper, which is 21 in wide, and costs Td. a yard, or with French paper, 
which is 18 in. wide, and costs 6!d. a yard, allowing 13 sq. yds. for 
windows, etc. (C.M.S.) 


Papering the Walls of a Room and carpeting the Floor. 


26. A room is 18 ft. long, 12 ft. wide, and 11 ft. high. What length 
of paper a yard wide would be required to line its four walls, and its 
ceiling? (S.K.) 

27. A square cistern is 6 ft. long and 4 ft. 6 in. deep. How much 
lead would be required to line the sides and bottom if a square foot 
weighs 6 lbs. ? 

28. The paper on the walls of a room 16 ft. long, 10 ft. 9 in. wide, 
and 9 ft. high is 3 yd. wide, and worth 8;d. a yard. The carpet on the 
floor being 30 in. wide, is worth 4s. 4d. a yard. What was the whole 
expense for the paper and the carpet ? (c.P.) 

29. A room is 10 ft. long by 123 ft. broad. How much carpet 1 ft. 
8 in. in breadth will be wanted, and how much will the painting of the 
ceiling cost at 13d. per square foot? (0.R.) 

30. The three walls of a glass-roofed building, one end of which is 
closed by curtains, are decorated at a cost of 3s. 9d. a square foot; and 
the floor is carpeted at a cost of £2 7s. 6d. a square yard, The dimen- 
sions being 25 ft. long, 12 ft. wide, and 11 ft. high, determine the whole 
expense. (C.P.) 


Covering Courtyard¥ with Tiles, etc. 
31. How many planks, each 15 ft. long and 10 in. wide, will be 
required to floor a room 30 ft. by 223 ft. ? 


32. A courtyard is paved with 1539 tiles, each 6 in. square. How 
many bricks, measuring 9 in. by 43 in., will be required in paving 
another yard seven times as large? (C.P.) 


33. Find the number of children accommodated, at 8 sq. ft. of floor 
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per child, in an oblong room 23 ft. 9 in. by 16 ft. 2 in., neglecting the 
fraction of a child. (c.w.) 


34. A rectangular field of two acres is divided into allotment 
gardens amongst a number of labourers. Supposing each portion is 
121 ft. by 36 ft., how many men can have portions? (c.w.) 


35. How many rectangular tiles 44 in. by 6 in. will be required to 
cover a floor 18 ft. long by 13 ft. 6 in. broad, and what will be the cost 
at 3s. 4d. per dozen tiles? (u.M.) 


36. The floor of a room 17 ft. 6 in. long by 16 ft. 3 in. wide is to be 
covered with tiles at £2 5s. per thousand, the size of each being 6 in. by 
3in. What is the cost of the necessary tiles? (s.L.c.) 


37. How many meshes are there in a square foot of wire netting, 
each mesh being #, of an inch long and } of an inch wide ? (C.P.) 


38. How many allotments of 4 ac. 2 ro. 86 rds. each may possibly 
be taken out of a stretch of land 56 mi. long by 201 mi. ? (C.P.) 


39. Find how many postage stamps ‘95 in. long by ‘78 in. broad 
will cover the ends of a room 17 ft. long, 13 ft. wide and 9 ft. 6 in. 
high. (c.P.) 

40. A man endeavoured to paper a wall with postage stamps, of 
which he had 38,080, measuring 1! of an inch by #3 of an inch. If the 
wall was 17 ft. 2 in. by 9 ft. 2 in., what fraction of its surface would the 
stamps cover? (8.L.C.) 


41. A postage stamp is 33 of an inch long and # of an inch wide. 
How many will be required to cover a board 1 ft. 11 in. long and 1 ft. 
wide? (K.S8.) 


42. A square court, of which each side is 25! ft., is paved with 
rectangular unmortared bricks. Hach brick is 10 in. by 5 in. by 4 in., 
and lies with its longest edge parallel to one side of the square, and 
with its shortest edge parallel to another (these two edges being hori- 
zontal). No brick is cut, but when as many bricks have been laid as 
the court will hold, the interstices are filled with asphalte, at a cost of 
4s. 8d. per cubic foot of asphalte used. Find (1) the number of bricks 
used ; (2) the cost of the asphalte. (c.m.) 


Covering Middle of Room with Carpet, making Paths round a Garden, etc. 


43. A rectangular grass plot 45 ft. long and 15 ft. broad is gur- 
rounded by a path 5 ft. wide. What is the area of the path? (0.8.1) 


44. A room is 29 ft. long by 18} ft. broad. A Turkey carpet laid in 
it is 21 ft. from each long side, and 4 ft. from each short side. Draw a 
rough plan, and then find the cost of this carpet at £1 10s. per square 
yard. (P.T.) 


45. 32 yds. of carpet 2 ft. 8 in. wide are used in making a square 
which is laid evenly in the middle of a rectangular room, the dimen- 
sions of which are 24 ft. by 18! ft. Determine the area of the un- 
covered portion of the floor and the distance of the carpet from either 
side of the room. (c.P.) 


46. How much carpet 27 in. wide would be required for a room 
22 ft. long and 18 ft. wide, a space round the carpet everywhere 2 ft. 
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wide being left uncovered, and what would be the total cost of the 
carpet at 2s. 9d. per linear yard ? (C.H.L.) 


47. Find the saving in carpeting a room 18 ft. long and 15 ft. wide, 
if, instead of carpeting the whole floor, a width of 3 ft. from each wall 
is stained. The carpet, 18 in. wide, costs 3s. 9d. per yard, and staining 
costs 4d. per square foot. (C.P.) 


48. A square carpet is composed of strips of plain material ? yd. 
wide, costing 6s. 6d. a yard, and is surrounded by a border } yd. wide, 
costing 12s. a square yard. If the cost of the plain material is twice 
that of the border, determine the cost of the two together. (0.S.L.) 


49. A rectangular carpet 21 it. 6 in. long and 16 ft. 103 in. wide is 
put down in a room, leaving a space 16 in. wide along each side and 
94 in. wide along each end uncarpeted. If the carpet cost 5s. 4d. per 
square yard, and the remaining space is covered with inlaid woodwork 
costing 8d. per square foot, find the whole cost. (C.8.L.) 


50. A carpet which covered the central portion of a room cost 
-£11 17s. 8d. The room was 254 ft. long and 193 ft. broad, and between 
the edge of the carpet and the wall was a distance all round of 2% ft. 
What was the cost of the carpet per square yard? (C.P.) 


51. A garden whose length is 67 ft. 9 in. has a path 4 ft. wide on the 
two sides and at one end. If it costs £4 10s. 33d. to turf the remainder 
at 6d. a square yard, what is the width of the garden? (R.M.A.) 


52. The floor of a room is to be covered by a rectangle of carpet in 
the middle, and matting on all that part of the floor which is outside 
the carpet. Find the difference in the whole cost according as the 
rectangle of carpet is 12 ft. by 13 ft. 6 in. or 11 ft. 3 in. by 13 ft., the 
price of the carpet, 27 in. wide, being 5s. 9d. per yard, and that of the 
matting 2s. per square yard. (C.H.L.) 

53. Find the cost of gravelling a 5-ft. path running along two con- 
secutive sides of a garden which is 172 ft. long and 54 ft. wide, a load 
of gravel worth 12s. 9d. being required for every 40 sq. yds. of path, and 
the work occupying a man and a boy for 43 days, at 3s. 9d. and 2s. a day 
respectively. (C.S.) 

54. A rectangular garden 60 ft. long by 50 ft. wide has a eravelled 
path 3 ft. wide running all round it. The rest is turfed, with the excep- 
tion of three circular flower-beds whose diameters are 8 ft., 16 ft., and 
24 ft. respectively. Find the number of square yards of turf in the 
garden. (Area of a circle = %(radius)?.) (0.J.) 


55. Within a rectangular court of length 200 ft. a gravelled path 
10 ft. wide ig laid down along the four sides, the cost of the gravel being 
3d. per square foot. If the path had been twice as wide, the gravel 
would have cost £81 more. Find the breadth of the court. (0.8.1.) 


EXERCISE LXIILI. 


Some of these Problems require a Knowledge of Square Root. 
Given the Area of a Square, to find the Length of the Side. 


1. Find, to the nearest integer, how many inches there are in the 
length of one of the sides of a square field whose area is2ac. (8.K.) 
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2. Find number of yards in a side of a square field, the area of which 
is 11 ac. and 36 per. (T1.1.) 


3. A square field contains 6 ac. 2 ro. 19 po. 63 sq. yds. Find the 
length of one side in yards. (s.K.) 


4. The sides of two squares contain 77 yds. 1 ft. 9 in. and 7 yds. 
2 ft. 4 in. respectively. Find the side of a square whose area equals the 
sum of the areas of the two squares. (C.s.L.) 


5. If the cost of making a square lawn be £351 18s. 43d., and at the 
rate of 3s. 43d. per square yard, how many feet long is the side of the 
lawn? (c.P) 


6. The area of a square field is 1 ac. 785 sq. yds. Find the cost of 
erecting a fence round the field, the price of the fencing being 2s. 7d. 
per yard. (C.s.L.) 


7. Determine in miles the length of barbed wire required to go five 
times round a square field of 90 acres. (0.8.1.) 


8. The cost of levelling and turfing a square cricket-field at 
£175 9s. 4d. per acre is £987. Find the cost of surrounding it with a 
railing costing 3s. 2d. per yard. (c.s.L.) 


Finding Diagonal of Rectangles, Perimeters, etc. 


9. A square field contains 57 ac. 2 ro. 16 po. What is (i.) its peri- 
meter, and (ii.) the rent at 25s. per acre? (c.P.) 


10. Find, to the nearest inch, the length of the diagonal of a square 
field whose areais lac. (L.M.) . 


11. The sides of a rectangle are 16 ft. and 10 ft. long respectively. 
Find to four places of decimals the length of a diagonal of a square 
whose area equals that of the rectangle. (s.x.) 


12. There is a square enclosure of 10 ac. A man walks at the rate 
of 4 mi. an hour along one side, along a diagonal, along another side, 
and so returns along the other diagonal to the starting-point. How 
many minutes does it take him to walk the distance ? (S.K.) 


13. The length of a rectangular field of 7 ac. is 13 times its breadth. 
Find to the nearest foot the length of each side of the field, (0.8.1.) 


14. A rectangular field, four times as long as it is broad, contains 
2; ac. Find length and breadth of field. (p.x..) 


15. A railing encloses a rectangular field of 15 ac. The length of 
the field is to its breadth as 3 is to 2. What is the whole length of the 
railing? (C.J.) 

16. A bowling green, whose length is ten times its breadth, covers 
an area of 5 ac. 3 ro. 8 per. 18 sq. yds. Find its length. (1.1.) 


17. A rectangular field, whose Jength is three times its breadth, 
contains 6 ac, 900 yds. Find its length and breadth. (c.S.) 


18. The area of a rectangular field is 8 ac. 2 ro. 16 po. 30 yds. 108 in., 
and the length of each of the longer sides is 1 fur. 2 po. 4 yds. 2 ft. Find 
the length (1) of the other sides, (2) of the diagonal. (c.s.) 
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19. How long will it take a man to walk round a square field whose 
area is 160 ac., at the rate of 4 mi. an hour? (c.PR.) 


20. The area of a square field is 4°99 ac. How long will it take a man 
to walk round the outside of it at the rate of 3 mi. an hour? (0.8.1) 


21. How often must I run round a square field of 10 ac. torun a 
mile? (C.w.) 


22. How long will it take to describe the boundary of a square field, 
containing 13 ac. 81 sq. yds., at the rate of 82 mi. an hour? (L.M.) 


23. A square field contains 13767 sq. yds. 1 sq. ft. How long will 
it take to walk round it at the rate of 44 mi. per hour? (c.w.) 


Miscellaneous. 


24. In a row of 25 houses, each house has 17 windows, each window 
4 panes, and each pane measures 18 in. hy 9in. What will be the cost 
of glazing all these windows at 6d. per square foot? (0.8.L.) 


25. What will it cost to cover with gravel a court 31 ft. 6 in. long 
and 18 ft. 9 in. broad, at the rate of 1s. 4d. per square yard? (0.R.) 


26. If land is worth £16 5s. 6d. an acre, determine the value of a 
rectangular field, the sides of which arp respectively 27 po. 1 yd. 1 ft, 
6 in. and 14 po. 3 yds. 2 ft. in length. (0.s.L.) 


27. A length of carpet 386 in wide, worth 5s. 4d. per yard, is just 
sufficient to cover the floor of a room; so also is another length of 
carpet 27 in. wide, worth 4s. 4d. a yard. Compare the values of the 
two lengths of carpet. Also, if the difference between the values is 
18s., what is the area of the floor of the room? (C.P.) 


28. The length of a side of the base of the Great Pyramid, which is 
square, is 500 Egyptian cubits. (a) Find the area covered by it in acres, 
roods, etc., knowing that an Egyptian cubit is equal to 18°24 English 
inches ; (b) find the height of the Pyramid in cubits, having given that 
the height of a model of the Pyramid, the area of whose base is 8 sq. ft. 
73 sq. in., is 22°225 in. (C.PR.) 


29. An oblong playground is 112 yds. long, by 63 yds. broad. It is 
converted into a square one, without altering the area, by shortening the 
length and increasing the breadth. By how much is the length shortened, 
and by how much is the breadth increased, and what fraction of the old 
playground belongs to the new, if the two have a common corner? (0.W.) 


30. A room is 18 ft. long and 16 ft. wide. In order to increase the 
area by a sixth part, a rectangular bay window 12 ft. wide is thrown out 
from the middle of one of the longer sides. Find (a) the depth of the 
bay; (b) the length of the longest straight line that can be drawn on 
the floor of the room after the alteration. (S.K.) 


31. An oblong room is 20 yds. long by 13 yds. broad. It is to be 
covered, as far as possible, with carpet 2 ft. 3 in. wide, which may not 
be cut lengthwise. Robinson proposes to lay all the lengths of carpet 
along the room; Jones proposes to lay all of them across the room. 
The difference in carpet-value between these two methods being 6s., at 
What price is the carpet sold per yard of length? (k.s.) 

Pp 
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32. The expense of carpeting a room was £11 5s.; but if the breadth 
had been 3 ft. less than it was, the expense would have been £9. What 
was the breadth? (c.s.) 


33. A lawn tennis ground is half as long again as it is wide. The 
cost of levelling it at 9d. per square yard is £176 8s. Find the cost of 
enclosing it with an iron railing at 7s. 6d. per yard. (C.PR.) 


34. The area of the floor of a room is 651 sq. ft., of the larger walls 
together 806 sq. ft., of the two shorter walls together 546 sq. ft. Find 
the length, breadth, and height of the room. (c.8.) 


35. Two squares of ground, the sides of which are 24 yds. and 
33 yds. long respectively, have to be levelled and fenced round. The 
cost of fencing per linear foot is the same as that of levelling per square 
yard. Find what fraction (in its lowest terms) the cost of levelling and 
fencing the former is of the cost of levelling and fencing the latter. (C.P.) 


36. The first floor of a house is 12 ft. higher than the ground floor, 
and is reached by a flight of steps, each step being 6 in. high and 10 in. 
broad. The staircase is 8 ft. wide, and is broken halfway up by a 
landing 7 ft. by 8. Find what length of stair-carpet, 3 ft. wide, will be 
required to carpet the stairs and landing, and project 16 in. on each 
floor-level. (C.H.L.) 


37. A person measures the area of a square field incorrectly, taking 
the length of a side to be 1 po. more than it is, and consequently 
makes the area to be 1 ro. 19 po. too much. What is the true area of 
the field? (s.a. and c.s.) 


38. A pedestal for a statue consists of 3 Square slabs. The top 
slab, 1 yd. broad, rests on the next, which is 14 yd. broad; this rests 
on a slab 13 yd. broad, which rests on the ground. These slabs form a 
four-sided staircase, each step being 6 in. high. What will it cost to 
gild this pedestal at 5s. a square foot, omitting the upper surface of the 
uppermost slab? (P.7.) 


39. A wall surrounding a square courtyard is built of 12000 blocks 
of stone, each 12 in. long, 8 in. wide, and 6 in. thick, fitted together 
without mortar. If 2400 more blocks had been used it would have 
been possible either to make the courtyard 10 ft. larger each way, or to 
make the wall 2 ft. higher, the thickness of the wall being the same in 
every case. Determine the internal dimensions of the courtyard. 

(0.8.L.) 

40. If it costs 25s. to cover the walls of a room with paper 21 in. 
wide at 1?d. a yard, what would it have cost if the paper had been an 
inch narrower and a farthing less per yard? (P.E.A.) 


CHAPTER XLV. 


VOLUMES. 


A Solid is a body which has three dimensions—length, breadth (or 
width), thickness (or height). 

A Rectangular Solid is a body bounded by sia rectangular plane 
faces. 


Its opposite pairs of faces are equal and parallel. — 


A Cube is a body bounded by six equal square faces. 


Thus a cube is a special kind of rectangular solid. 


The Volume (or solid contents) of a body is the space included 
within the surfaces which bound it. ‘This space is expressed as so 
many times a given unit of measure. 


The English units of measure are the cubic inch, cubic foot, and cubic 
yard. 


To ascertain the Volume of a Rectangular Solid 
when its Length, Breadth, and Height are known. 


If we take 18 cubes each 1 inch long and 
arrange them as shown in the diagram, 
they form a rectangular solid 3 in. long, 
3 in. wide, and 2 in. deep. There are 
evidently 3 rows each containing 3 cubes 
in the upper layer, and there are 2 such 
layers. 

Hence the total number of cubes is 
8%3%x2=18. But each is a cubic inch, 
therefore the total cubic contents are 18 
cub. in. 


Hence the following rule :— 


To find the Volume of a Cube. 


(a) Express length, breadth, and height in units of the 
same name. 

(b) Find the continued product of those units. 

(c) The result is the number of cubic units in the volume. 


It is customary to say— 
Volume = length x breadth x height 
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Now, since breadth is a “short length,” and height is an “ upward length,” 
also depth is a ‘downward length,” any of the following products will give 
an area :— 

Length X breadth 
Length x height } = area 
Breadth x height 


So we can re-write our formula thus— 


_ farea of any face x that third dimension not included 
Volume = { in the area of the face 


And from the two formule above, the following can be easily 
deduced :— 


Volame = the remaining di i 
the product of any two dimensions _ Reg oes 
vorme -—" the product of the remaining 
any dimension dimensions 


The sense in which length, breadth, height, and volume are used 
is the same as in p. 424. 


Example.—Tind the cubic content of a piece of timber 15 ft. 5 in. 
long, 2 ft. 4 in. broad, and 2 ft. 1 in. thick. 


Reducing to same unit, length = 15,5, ft., breadth = 24 ft., and 
thickness = 2,1, ft. 
Number of cubic feet in volume = 1554, x 21 x 2. 
= UE x fx Hh = Agate = 74499 
Ans. 74495 cub. ft., or 74 cub. ft. 1628 cub. in. 


Example.—aA brick is 9 in. long, 44 in. wide, and 8 in. thick, and 
weighs 6 lbs. How many bricks would be required to build a wall 
1 mt. tong, 7 ft. high, and 18 in. thick, and how many tons would tt 
weigh? (P.E.A.) 


Cubic contents of wall in cubic feet = (1 x 5280) x 7 x 14 
“ 53 brick <5 =2#x3xt 
aE 
Number of bricks = 2020 
4X 3° oe 

_ 1x 5280x7x3x4x8x 4 

oe 3x 3x 2 

= 788480 bricks 


788480 x 6 Ibs. 
3916 ee 2112 


Ans. 788480 bricks and 2112 tons. 


Example.—A box is made of wood } in. thick. When closed its 
external measurements are 93, 9, and 7k in. Find its weight, if 
9 cub. in. of the same wood weigh 5 oz. (c.P.) 


Weight in tons = 


Volume of box (outside measurement) in cubic inches = 92 x 9 x 73 
. (énside measurement) x = 9x 8h x 64 
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The internal dimensions are found by subtracting twice the thickness of 
the wood from each of the given external dimensions. 


[Ps of box (outside measure- 


II 


ment) — volume of box (inside 
measurement) 

92x 9 x TE —9 x 8 x 63 

al x 9x 3k — 2 x AB x 

= 688 — 500 = 188 


—— — 763 = 4 Ibs. 122 oz. 
Ans. 


Volume of wood forming the 
box (in cubic inches) 


Weight in ounces = 


Example.—Find in tons what weight of water falls upon 85% ac. 
of ground during a rainfall of 12 in., a cubic foot of water being 
iaken to weigh 1000 oz. avoirdupots. (C.8.L.) 


Area of ground in sq. inches = 853 x 4840 x 9 x 144 
Cubic content of rainfall zt _ 854i x 4840 x 9 x 144 x 13 


cubic feet 1728 
3 
Weight of water in ounces = $54 x 4840 x 9 ee 


‘nate 256 x 4840 x 9 x 144 x 7 x 1000 
8 =— 8x 1728 x 4x 16 x 2240 
= 15125 tons. <Ans. 


EXERCISE LXIV. 


Volumes: no Cube Root involved. 


1. How many planks 17 ft. long, 8 in. broad, and 8} in. deep can be 
stored in a place 51 yds. long by 6 yds. broad and 18 ft. deep? (K.s.) 

2. A brick measures 82 in. by 44 in. by 22 in. How many bricks 
are contained in a stack 5 yds. 1 ft. 6 in. long, 11 ft. 3 in. broad, and 
9 ft.11in. high? (0.J.) 


3. How much will a log of timber be worth, 30 ft. long, with a 
uniform area across of 3 sq. ft., at 5s, 8d. the cubic foot? (C.P.) 


4. How many more cubic inches of wood are there in a solid cube 
of mahogany, the length of whose edge is 16 in., than in a solid rect- 
angular block of oak, 5 ft. 4 in. long, 1 ft. 8 in. wide, and 4 in. thick? 
The weight of a cubic inch of the oak is to that of a cubic inch of the 
mahogany as 39 is to 35, and the oak weighs 130 lbs. What is the 
weight of the mahogany? ' (C.P.) 

5. Find the number of bricks required to build a wall 26 yds. long, 
7 ft. 8 in. high, and 14 in, thick, each brick and its mortar being 9:1 in. 
long, 46 in. broad, and 3:2 in. deep. (P.H.A.) 

6. Find the cost of the bricks needed for building a wall 30 yds. 
long, 6 ft. high, and 134 in. thick, having given that 1000 bricks cost 
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25s., and that each brick fills up a space 9 in. long, 43 in wide, and 
3 in. deep. (s.K,) 


7. Two thousand packets, each 4 in. long, 3 in. broad, and 3 in. deep, 
are required to be packed in a box of which the inside dimensions are 
4 ft. 3 in. in length, 3 ft. 4 in. in breadth, and 2 ft. 6 in. in depth. How 
many must be left out? (o0.R.) 


8. How many blocks of wood, 8 in. by 4 in., will be required for a 
floor 53 ft. by 18 ft.? If the block be 7 in. deep, what will be the 
cubical content of the floor in (i.) cubic yards and cubic feet, (ii.) in 
cubic metres ? (c.m. = 35 cub. ft. nearly.) (c.P.) 


9. The larger of two rooms is 47 ft. long, 30 ft. wide, and 25 ft. high ; 
the smaller is 25 ft. long, 20 ft. wide, and 18 ft. high. Compare their 
cubic contents. If the four walls of the larger room are painted ata 
cost of 1s. 3d. a square yard, and the four walls and ceiling of the 
smaller room at a cost of 1s. 44d. a square yard, compare the expenses 
of painting the rooms. (s.k.) 


10. A schoolroom is 82 ft. long, 18 ft. wide, and 103 ft. high. How 
many children will it accommodate, allowing 8 sq. ft. of floor for each ; 
and how many cubic feet of space will there be for each ? (C.P.) 


11. If1 cub. ft. of water is equal to 6-25 gals. or 62°321 lbs., find the 
number of gallons and the weight of water contained in a cistern 4 ft. 
long by 23 ft. broad and 3 ft. deep. (o.R.) 


12. Determine the number of cubic inches of wood in a box with a 
lid made of wood ? in. thick, and measuring externally 3 ft. by 2 ft. by 
Lito .in. (0.6-1:).- 


13. Find in tons, cwts., etc., the weight of water contained in a 
tank 6 yds. long, 2 yds. high, and 8 ft. broad, the tank being full, and 
the Weight of a cubic foot of water being 1000 oz. (0.S.L.) 


14. The inside measurements of a tank are: length 15 ft. 6 in., 
width 5 ft. 4 in., and depth 43 ft. (i.) What weight of water will it 
hold, taking a cubic foot of water as weighing 1000 oz. ? (ii.) How 
many gallons (each equal to 277:264 cub. in.) will it contain ? (C.P.) 


15. A cistern is 6 ft. long and 5 ft. broad, and it is of such a depth 
that it would take 1440 bricks, each 9 in. long, 3 in. deep, and 4 in. 
broad, to fill it. How many gallons would the cistern hold, if a pint of 
water contains 72 cub. in.? (R.M.A.) 


16. A gallon measures 277-274 cub. in., and a litre may be repre- 
sented by a cube whose edge is 3:937 in. Find, to 2 places of decimals, 
how many pints there are in a litre. (s.x.) 


17. Ifa cubic foot of water weighs 1000 oz., find in tons, etc., the 
weight of water contained in a reservoir 3 mi. long, 1 fur. broad, and 
203 ft. deep. (c.PR.) 


18. A cistern 5 ft. long by 4 ft. wide, whose depth is 8 ft. 8 in. 
(inside measure), has 30 cubic feet of water in it. Porous bricks are 
placed in the water until the cistern is brim full, each brick absorbing 
17 Of its own volume of water. How many bricks can be put in without 
the water overflowing, each brick being 9 in. by 8 in. by 22 in.? (c.z.) 


19. Find the weight of the air contained in a room 88 ft. long. 56 ft, 
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broad, and 35 ft. high, assuming that a pint of water weighs 20 oz., that 
a gallon contains 277°2 cub. in., and that water is 800 times as heavy as 
air, (C.H.L) 


20. The Mississippi brings down annually 7459267200 cub. ft. of 
sediment, and deposits it on an area of 12300 sq. mi. Calculate as accu- 
rately as the data permit (the last significant figure being approximate), 
the mean rate of thickness of deposit estimated in feet per century. (S.A.) 


21. It is required to construct a reservoir which will hold ten million 
gallons of water. What must be the depth of the reservoir, if its length 
<3 400 ft. and its breadth 200 ft., supposing its sides to be vertical, and 
assuming that a cubic foot is equal to 50 pts. ? (C.H..) 


22. What is the cubical content of a rectangular hole 21 ft. 4 in. 
long, 19 ft. 4 in. wide, and 6 ft. 9 in. deep? Ifthe four sides of the hole 
are to be lined with concrete 16 in. thick, how many cubic feet of concrete 
will be required? (C.P.) 


23. A box is made of wood } in. thick. When closed its external 
measurements are 93, 9, and 74 in. Find its weight, if 9 cub. in. of the 
same wood weigh 6 oz. (C.P.) 


24. A box (without a lid) made of wood an inch thick, measures on 
the outside 30 in. long, 21 in. wide, and 16 in. deep. Find the cubic 
contents of the interior, and the cost of painting the outside at Td. per 
square foot. (K.S.) 


25. The Black Hole of Calcutta contained 146 prisoners for a night 
of 10 hrs.; it was 18 ft. square and 10 ft. high. How often would the 
whole air of the room have been breathed in and out in that time, 
assuming that each prisoner breathed 15 times a minute, and passed in 
and out 30 cub. in. of air each time? (C.P.) 


26. A rectangular cistern 4 ft. 2 in. long, 2 ft. 8 in. wide, and 2 ft. 
deep, is } full of water. Find the least number of heavy cubical blocks, 
each measuring 6 in. every way, that can be introduced into the cistern 
to make the water just overflow. (C.M.) 


27. A quadrangle 120 ft. by 100 ft. has a grass plot 60 ft. by 50 ft. in 
the centre. Find the cost of gravelling the rest of it to a depth of 6 in. 
at 6s. a cubic yard. (0.8.L.) 


28. What depth of trench 9 ft. wide must be dug round a plot of 
ground 60 yds. long and 80 yds. wide, in order that the earth removed 
may be sufficient to raise the level of the whole plot 8in.? (P.7.) 


29. Along the four sides of a square plot, and inside of it, I dig a 
trench 3 ft. wide and 8 in. deep, and fill it with good loam for a flower 
border. If the area of the plot be 784 sq. yds., what will be the cost of 
the loam at 4s. 6d. a ctibic yard? (c.P.) 


30. A gravel walk 6 ft. wide runs round a grass plot 60 ft. long and 
40 ft. wide. If gravel is 8s. per cubic yard, find the cost of a coat of 
gravel on the path 3 in. deep. (R.M.A.) 


31. A tank 18 ft. long and 6 ft. deep cost £10 16s. If it had been 
2 ft. wider the cost would have been £2 14s. more. Find the cost per 
cubic foot and the width of the tank. 


32. The area of the base of a tank which can hold 150 gals. is a 
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Square yard. Find (correctly to the nearest thousandth part of an inch) 
the depth of the tank, assuming that a gallon contains 277-274 cub. 
(P.E.A. 


Rainfall. 


33. During a rainfall of an inch, 100 tons of water fall on an acre of 
ground, How many ounces are there in a cubic foot of water ? (C.PR.) 


34. If a cubic foot of water weighs 1000 oz., what weight of water 
will fall on an acre of ground during a rainfall of an inch? (C.PR.) 


35. An inch of rain has fallen on 3 ac. of land. Find the total 
weight of the water, assuming that a cubic yard of water weighs 15 ewt. 
(0.8.L.) 


36. A level tract of land, 20 mi. long and ? mi. broad, is flooded to a 
depth of 5 ft. Given that a cubic foot of water weighs 62 lbs., find in 
tons the weight of the water on the land. (c.pR.) 


37. A water-tank 16 ft. 6 in. long, 8 ft. 4 in. wide, and 6 ft. 3 in. 
deep, is just sufficient to hold the water which runs into it during a 
rainfall of lin. If it be connected with an auxiliary tank 7 ft. 6 in. 
long, 5 ft. 6 in. wide, and 5 ft. deep, for what rainfall would the two 
tanks then suffice? (c.s.) 


38. The rainfall in 1 min. during a recent storm was found to be 
8 oz. per square foot. Taking the roof of an ordinary house to be 20 ft. 
by 30 ft., find the weight of water which fell upon it, and, again 
supposing the downpour uniform over an acre of roofs, calculate the 
weight which fell upon them in the same minute of time. _ (c.P.) 


39. The annual rainfall at a place is 24 in. Find the weight in tons, 
and volume in gallons, of the annual rainfall there on an acre of land, 
taking the weight of water to be 1000 oz. to the cubic foot, and a gallon 
to weigh 10 lbs. (c.P.) 


40. A rectangular tank, measuring internally 3 ft. in width by 6 ft. 
in length, receives all the rain that falls on a roof, whose area is 
7200 sq. ft., and it was estimated that in one day a pint of water fell 
on each square foot of roof. If the tank was empty to begin with, what 
was the depth of water in it at the end of the day, if a pint of water 
fills 12 cub. in.? (c.m.) 


EXERCISE LXy. 


Volumes. 


1. Prove that the length of a side of a square, the area of which is 
15876 sq. yds., is to that of an edge of a cube the contents of which are 
94818816000 cub. in. as 189 : 190. (c.P.) 


2. If the surface of a cube has an area of 305:8776 sq. in., find the 
length of one edge of the cube. Find also to three decimal places the 
volume of the cube in cubic inches. (S.K.) 


3. If 648 boxes are stowed close together on board a ship, find the 
total cost of freightage at 1s. 2d. per cubic yard, when each box measures 


* 
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42 ft. long, 3 ft. wide, and 2} ft. deep. Tf all the boxes are piled in the 
form of a cube, what is the length of an edge of the cube? (8.K.) 


4. Itis desired to put a cubical case, whose content is 4019°679 cub. ft., 
through a square hatchway whose area is 37791°36 sq. in. Show whether 
this can be done. (R.M.A.) 


5. A rectangular tank with square bottom is required such that, 
when it contains 600 gals. of water, the depth of the water may be 32 ft. 
Determine the length inside of the square base, correct to 1; inch, taking 
a gallon of water to contain 2773 cub. in. (P.P.) 


6. A salt lake is said to contain 4000000000 tons of salt. Its water 
is 1:168 of the weight of fresh water, the salt being 3°355 of the weight 
of fresh water. Find the area of the lake to the nearest square mile, 
assuming its average depth to be 60 ft. (S.A.) 


7. An open tank measuring on the outside 6 yds. 2 ft. in length, 
3 yds. 2 ft. in width, and 7 ft. deep, is made with sides and floor of brick 
1 ft. thick, and is filled with water. Find the weight of the tank and 
its contents, it being given that 1 cub. ft. of water weighs 1000 oz., and 
that brick is 14 times as heavy as water. (R.M.A.) 


8. A hollow rectangular vessel, without lid, formed of material 1 in. 
thick, whose external dimensions are 13 ft. 6 in., 6 ft. 8 in., and 6 ft. 11in., 
respectively, weighs 1 cwt. 1 qr. 10 lbs. Find the weight of a solid mass 
of the same material and the same dimensions. (0. and C.8.C.) 


9. The volume of timber in the trunk of a tree is roughly estimated 
by multiplying the length by the square of the mean quarter-girth. 
The trunk of a certain tree, if cut so as to be 27 ft. in length, would 
have a-mean girth of 10 ft. 6 in.; and if it were cut 10 ft. longer, the 
mean girth would be 9 ft. 9 in. In the former case the value would be 
estimated at £5 10s. 3d.; what would it be in the latter? (c.s.) 


10. A rectangular cistern, 8 ft. long and 7 ft. wide, holds when full 
6} tons of water. Find its depth, assuming that a cubic foot of water 
weighs 1000 oz. (8.K.) 


11. A tank 9 yds. long, 3-03 yds. wide, and 2-053 ft. deep, holds water 
enough for 27 men for 308 days. Find the depth of a tank, 6:2 yds. long 
and 2°02 yds. wide, which will hold enough for 158 men, 48 women, and 

t children for 45 days, if a woman use #, and a child jas muchas a 
man. (C.S.) 

12. A cubical cistern, open at the top, costs 15 guineas to line with 

lead at 1s. 9d. per square foot. How many cubic feet will it contain? 
(C.PR.) 

13. A hollow, closed cubical box is made of iron, and is 2 in. thick, 
the external edge being 4 ft. long. It being given that iron weighs 
7-112 times as much as water, and that a cubic foot of water weighs 
1000 ozs., find in tons the weight of the box. (L.M.) 


14. A cistern 12 ft. long, 8 ft. 10 in. broad, and 6 ft. 6 in. deep, is 
filled with water, and after a time 4000 gals. are drawn off, leaving a 
sediment which is sold for £2 3s. 114d. per cubic foot. Find what it 
brings, a gallon being equal to 277°279 cub. in. (c.8.) 

15. What must be the area, to the nearest rood, of the surface of the 
water in a reservoir with vertical boundaries, so that, when no water 


bone 
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enters the reservoir, the withdrawal of one million gallons of water per 
day may lessen the depth of the water by 1 ft.imn a week? [A gallon 
contains 277°274 cub. in.] (C.P.) 


16. A rectangular block of wood is overlaid with metal of thickness 
‘in. The whole is now 2 ft. long, and the ends are square and 3 in. 
broad. The value of the metal used is £9 14s. 1d. What is its value 
per cubic inch? - (P.T.) 


Running Water, etc. 


17. The dimensions of a rectangular room are 25 ft. 4 in. by 18 ft. by 
13 ft. 6in. Find how many cubic feet of air must be supplied by the 
ventilating pipes in order that the whole atmosphere of the room may be 
renewed in an hour. Also find (in square inches) what must be the 
least total sectional area of the pipes in order that the current in them 
may not exceed a foot and a half per second. (L.M.) 


18. A room 24 ft. long, 20 ft. wide, and 14 ft. high is ventilated by a 
rectangular opening 16 in. by10 in. At what rate per minute must the 
air pass through the opening that } of the air in the room may be 
changed every hour? (C.W.) 


19. A section of a stream is 10 ft. wide and 10 in. deep; the mean 
flow of the water through the section is 83 mi.anhour. Taking 25 gals. 
to equal 4 cub. ft., find how many gallons of water flow through the 
section in 24 hrs. (S.K.) - 


20. A cistern is filled in 34 hrs. by a pipe 3 sq. in. in cross-section, 
through which water flows at the rate of 6-4 mi. an hour. What is the 
volume of the cistern? (R.M.A.) . 


21. The internal measurements of a tank are 3 ft. 8 in., 3 ft., and 
3 ft.4in. It is filled in 16 min. by a pipe whose cross-section is ? sq. 
in. What amount of water leaves the pipe in each minute, and what 
length of the pipe did this amount of water occupy? (C.Ww.) 


/ CHAPTER XLVI. 
STRAIGHT-LINED OBJECTS. 


Mensuration is the method of estimating the magnitude of 
geometrical figures: ib is an application of arithmetic to 
geometry. 


The geometrical figures commonly dealt with in mensuration are: 
Rectangles (including, of course, the square), triangles, polygons, circles, 
cubes, cones, etc. 


The Right-angled Triangle. 


Given the lengths of the two sides containing the right angle, to 
find the length of the hypotenuse (or side opposite the right angle). 


Rule.—Find the square root of the sum of the squares of the sides. 
For explanation, see p. 429. 


This is a very important theorem, and many riders and problems 
depend on it. The following cases are selected :— 


(1) Given the length of the hypotenuse and the length 
of one side of a right-angled triangle, to find the length 
of the other side. Cc 6b 
Since 6? = c? + a? (Euc. I. 47) 
Then c? = 6? — a? 
And c = a/b? — a? 
Rule.—Find the square root of the difference between the square 


a 


of the hypotenuse and the square of the given 
side. A B 
(2) Given the length of the side of a square, 
to find the length of the diagonal. NY a 
d? = a? + a? (Euc. I. 47) = 27 
Ba! ee rk 
Rule.—Multiply the length of a side by 
2" Daw  C 


*,/0 = Palais 
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(3) Given the length of the side of a cube, to find the length of the 
diagonal. 


Let S = number of units in the side of the cube. 
Then HF = S,/2 (see (2) above) 
Now, HB? = HF? + BF? 
= 25? + 3? = 3s? 
Pees = S,/ 3 


Rule.—Multiply the side by ,/3.* 


Triangles. 


To find the Area of any Triangle. 


(a) In terms of the base and the height. 
Area of parallelogram = AC . CD 
= EDs 


Now, area of triangle BFD = 4 area of paral- 
lelogram ACDF 
(Eue. I. 41) 


”. area of triangle BFD = $ FD. BE 
= 4 base X height 


Rule.—Multiply half the base by the height. 


(6) In terms of the sides. 


(a) Find half the perimeter of the triangle. 
(b) From this in turn subtract each side separately. 


Four quantities have now been obtained, one from (a), and three 
from (6). 


(c) Multiply together the four quantities thus obtained. 
(d) The square root of the product will be the area required. 


For the proof of this somewhat complicated rule the student is referred 
to any work on trigonometry. 


Let a, b, and c represent the three sides of a triangle; let s = half 
the sum of those sides, and let /A\ = the area of the triangle. 
Then A = A/ s(s — a) (s — 0) (8 — €) 


To find Area of an Equilateral Triangle in Terms of a Side. 


The above formula may be employed. ‘The following, however, is 
preferable in this special case :— 


es 
Area =—5- 
q & Now, h? = a? - (5) = $0? 
; Salo 
a az $< ED 
2 2 


ce ie ne a Y! 
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Substituting the value of h— 


; UES Ae ROME 


Area = / 3 


peo AN 
Rule.— Multiply a quarter of the square of the side by 4/3. 


Quadrilaterals. ((our-sided figures.) 


The chief quadrilateral figures are— 


“ The square, which has all its sides equal, and all its angles right 
angles. 
= The oblong, which has its opposite sides equal, and all its angles right 
angles. 

3. The paralielogram, which has its opposite sides equal, but its angles 
are not right angles. 

4. The rhombus, which has ail its sides equal, its opposite sides parallel, 
but none of its angles right angles. 

5. The rhomboid, which has its opposite sides equal and parallel, but none 
of its angles right angles. 

6. The trapezium, which has one pair of opposite sides equal, but none of 


its angles right angles. 


Rectangles and Rectangular Figures. 


l. To find the Area of a Rectangle (including a square), see 
p. 423. 
2. .To find the Length of the Side of a Rectangle (or of a 


square), see p. 424. 
2. To find the Area of the Faces of a Cube.—Since a cube has 


six equal faces, multiply the area of any one face by 6. 
4 To find the Area of the Faces of a Rectangular Prism. 


Since a rectangular prism has 4 “ long” faces and 2 “short ”’ faces, we 
get the following rule :-— 

(a) Find 4 times the area of one “ long ”’ face. 

(b) Find twice the area of one “ short ”* face. 

(c) The sum of (a) and (0) is the area of the faces of the prism. 


Parallelograms. 


-To find the Area of a Parallelogram. 


Since ABCD = ABFE (Euc. I. 35) 
and since ABFE is a rectangle 
- area of ABCD = AB x AE 
= length of side X perpendicular 
from it. 


Rule.—Multiply the length of a side by the perpendicular height 
from that side. 

To find the Area of a Rhombus. 

Rule.—Divide the product of the diagonal by 2. 


To find the Area of a Trapezium, given the lengths of the two 
parallel sides and the perpendicular height between them. 
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Join AC, and draw the perpendicular AE. Then the area of the 
trapezium equals the sum of the areas of the two triangles ACD, ABC. 


Area of A ACD = CD x AE 


2 
aos Area of A ABC = a 
D E c 
”. area of trapezoid = a a AB a 


ee AP (AB + CD) 


Rule.—Multiply half the height by the sum of the parallel sides. 


To find the Area of an Irregular Quadrilateral. 
(1) When the dimensions of the sides and of a 


diagonal are given. 


Draw the diagonal, and calculate the areas of the 
two triangles thus formed. 


(2) When the length of the diagonal joining one pair of vertices 
and the perpendiculars drawn to it from the other pair are given. 


Thus, when AC, BE, and 
FD are given, find the area of 
the irregular quadrilateral. 


Area of quadrilateral ABCD 
c = a ABC + a ACD 
= 3AC. BE Xx AC. FD 
= 4AC(BE + FD) 


Rule.—Multiply half the 
diagonal by the sum of the 
perpendiculars. 

Some illustrative examples will now be given. The student is 
recommended to employ diagrams in his solutions. 


Example.— Find the area of a triangle, the base of which is 100 
yds. long, and which has an altitude of 60 yds. 


Area of A in yards = 4 base X height 
=x 100 x 60 
= 3000 sq. yds. Ans. 


Example.—In a four-sided field the longest 
diameter is 10 chains 60 links, and the perpen- 
diculars from the opposite angles let fall upon the diameter are respec- 
tively 2 chains 40 links and 3 chains 20 links. Find the area of 
the field. 
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Area = 4 x diameter x (sum of 
perpendiculars) 
= {4 x 10°60(2°40 + 3:20)} 
Sq. chains 
= 5°80 x 5°60 sq. chains 
= 29 sq. chains 68 sq. 
links. Ams. 


Example.—Tind the area of a triangle whose sides are respectively 
150 yds., 120 yds., and 200 yds. 
Ares ae OG KE). 
— ,/235(235 — 150)(235 — 120)(235 — 200) sq. yds. 
= ,/235 x 85 x 115 x 35 sq. yds. 
=a JM X 47 X 5 X17 x 5 x 28 x 5 x 7) 8q. yds. 
= 25,/47 x 17 x 23 x 7 sq. yds. 
— 25 x 35866... sq. yds. = 8966°5 sq. yds. Ans. 


The Field Book. 


The mensuration of plane figures is put to practical use in land 
surveying and measuring. The surveyor The Pl 
records his measurements in his veld et. 
Book. 


The Field Book. 


LINKS. 
to B 
550 
To G 100 500 150 to F 
To-ls 60. 400 
250 100 to C 
To D 150 100 
From A go North 


The Field Book is read upwards, beginning at the lowest line. Thus, 
from A we are directed to go North for a distance of 100 links to H, when 
we are to draw a line 150 links long at right angles to the left, and so on. 

The line AB is called the base-line, or the chain-line. 'The lines HD, CK 
are termed offsets. 

The base-line is first drawn, then the offsets, and lastiy the boundary 
is filled in. 


Calculation of the area of the given figure, which is composed of 
three triangles AHD, AKC, GBF, and three right-angled trapeziums 
DHLE, MFOK, and GMLE. 
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Twice triangle AHD = AH x HD = 100 X 150 = 15000sgq. links 
és a AKC = AK x KC = 250 x 100 = 25000 me 
a a GBF = GF x BM =250 x 50 = 12500 = 
», trapezium DHLE = HL(EL+ DH) = 300(50 + 150) = 60000 sq. links 
»  MFCK = KM(MF 4+ KC) = 250(150+100) =62500 sq. links 


% 99 GMLE = ML(GM + EL) = 100(100 + 50)=15000 sg. links 
», the whole figure = (15000 + 25000 + 12500 + 60000+ 62500+ 15000) 
sq. links 


= 190000 sq. links. 
., the required area = 190000 sq. links + 2 = 95000 sq. lin 

= 9°5 sq. chains = ‘95 acre 

= 3 roods 32 poles. Ans. 


EXERCISE LXYVI. 


Triangles. 


1. Two large steamships travel respectively due north and due west 
from the same port, one at the rate of 16 and the other at the rate of 
12 mi.an hour. Find how far they are apart atthe end of 6 hrs. (v.P.) 


2. One side of a triangular field is 369 lks. in length, and the 
perpendicular upon it from the opposite angle measures 582 lks. If the 
field is let for £6, find to the nearest penny the rent per acre. 


3. Find the area of a triangle whose sides are 1840, 1336, and 1520 
lks,, giving the answer in acres, roods, and poles. (C.P.) 


4. Find the difference between the area of a triangle whose sides are 
16, 63, and 65, and the area of a square whose perimeter is the same as 
that of the triangle. (P.T.) 


5. The sides of a triangle are respectively 17 ft., 15 ft., and 8 ft 
What is the length of the perpendicular on the longest side from the 
opposite angle? (&.s.) 


6. Show that the area of a triangle whose sides are 26, 35, and 51 is 
the same as the area of a right-angled triangle whose sides about the 
right angle are 7 and 120. (K.s.) 


7. The sides of a triangle are in the ratio of 13, 18, and 10, and if its 
area be 3840 sq. yds., find the length of each side. (K.s.) 


8. Find the area of a triangle whose sides are 13°6 in., 15 in., and 
154 in. Also find (correct to the thousandth part of an inch) the 
length of one of the equal sides of an isosceles triangle, on a base of 
14 in., having the same area. (R.M.A.) 


9. The hypotenuse of a right-angled triangle is 6°5 ft., and one side 
is 5:2 ft. Find the area of this triangle, and the ratio of the parts into 
which it is divided by the perpendicular from the right angle upon the 
hypotenuse. (C.sS.) 


10. A plank 15 ft. long rests vertically against a perpendicular wall. 
How far must the bottom end be pulled out to lower the top end 3 ft. ? 
(0.S.L.) 
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Regular Quadrilaterals. 


_ 11. A rectangular field contains 14 ac.; the distance between oppo- 
site corners is 64 ch. Find the length and breadth of the field. (c.m.) 


12. A square chess-board contains 64 equal squares, and the area of 
each square is 1°3225 sq. in.; the rim running round the board is 2 in. 
wide. Find the length of the board’s side. (K.s.) 


18. Find the side of a square field containing 1 ac., and show, if two 
decimal places are found, the error cannot be more than ‘004in. (C.8.) 


14. A farmer possesses 176 hurdles; he arranges them in an oblong 
with 4 hurdles at each of the shorter ends, and finds that he is able to 
enclose 1680 sheep. How many sheep could he enclose if he arranged 
the hurdles in a square, and how many more hurdles would he require 
to enclose 11,520 sheep in a square? (C.M.) 


15. A square hole ? in. broad is cut out of a pocket-handkerchief. 
A square piece of the same material, overlapping the hole by 4 in. 
everywhere, is placed over it, and fastened on by stitches at the rate of 
48 stitches per inch of length, made all round each square. How many 
square inches of handkerchief have now a double thickness, and how 
many stitches were used? (P.T.) 

16. A square print is placed in a square frame, whose side wants 
2. in. of being double the side of the print, and the number of square 
inches in the margin is less by 16 than 6 times the number of linear 
inches in the perimeter of the print. Find the side of the print. (K.S.) 


17. Find the length of the side of a parallelogram, one angle being 
half a right angle, the altitude being equal to half the base, and the 
area containing 1250 sq. ft. (K.S.) 

18. The diagonals of a rhombus being 88 and 234 ft., find the area ; 
also find the length of a side and the height of the rhombus. 


Irregular Quadrilaterals. 


19. Find the area of a quadrilateral ABCD, in which the sides AB, 
BC, CD, DA and the diagonal AC are respectively 25, 60, 52, 39, and — 
65. (0.8.L.) 

20. Find the area in acres of a quadrilateral field, of which the 
diagonal is 1274 lks., and the perpendiculars upon it from the opposite 
angles 550 and 583 lks. 

21. Find the area of a quadrilateral figure in which the sides are 9, 
40, 28, and 15 ft. respectively, and the angle between the first two is a 
right angle. (K.s.) ; 

22. The lengths of the sides of a quadrilateral field are as follow : 
AB = 300 lks.; BC = 400 lks.; CD =6 ch. 30 1ks.; DA=7 ch, 60 lks. 
The angle ABO is aright angle. Find the area of the field in acres, 
roods, and perches. (C.8.) 

23. The area of a trapezoidal field is 44 ac., the perpendicular dis- 
tance between the parallel sides is 120 yds., and one of the parallel sides 
is 10 ch, Find the other. (R.M.A.) 
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24. A field in the form of a trapezoid has its parallel sides equal to 

9 ch. 15 lks. and 8 ch. 85 lks. respectively, and the perpendicular 
distance between them is 15 ch. Find the area; also draw a figure. 
(c.P.) 


_ 25. ABCD is a field in the form of a trapezium whose diagonal AC 
is 320 yds.; AD = 144, DC = 360, CB = 240, AB=180 yds. Drawa 
fair plan of the field, and then find its area. (c.P.) 


26. In a trapezium, two sides of which are parallel and the other 
two sides equal, the lengths of the parallel sides are 85°5 ft. and 9°5 ft. 
respectively, and the equal sides are each 47°5 ft. Find the area of the 
trapezium in square yards, feet, and inches. 


27. The diagonal of a trapezium is 18 ft. 4 in., and the perpen- 
diculars upon it from the opposite angles are 10 ft.6 in. and 12 ft. 
Find the ratio of its area to that of a triangle whose sides are 20, 99, 
and 101 ft. (®.7.) 


The Field-book. 


28. Plan out and find the acreage 


of a field from the opposite notes. 400 to D 
(0.8.L.) 800 to C 
600 to B 
| 
29. Draw a plan and find the area 
of a level field with five straight To D 120 
hedges from the opposite notes. (All 200 to C 


lengths in links.) (c.s.) To B 180 200 


From A 


30. Describe (if possible by a Field-book) the measuring of a field 
ABCDH, F, H, K being the feet of perpendiculars drawn from B and E 
to AC, and from D to EC. Then find the area in acres, roods, and 
poles. (Given AC = 660 yds., CE = 550 yds., BF = 121 yds., EH = 868 
yds., KD = 165 yds.) (c.P.) 


‘ 
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31. Sketch the plan and calculate 
the area of a field ABEGEDC from 
the following notes :— 


82. Find the area and draw the 
plan of a field from the following Field- 
book. (c.p.) (All lengths in links.) 


33. From the opposite dimensions, 
etc., draw out a plan of the irregular 
field; find the area in acres, roods, 
and poles. (The measurements are in 
links.) (C.P.) 


34. Find the area of an irregular 
field, and draw a plan fairly to scale, 
from the following Field-book. (All 
lengths in Jinks.) 


Yards. 


To G 
204 
To F 94 198 
a Wp 10 to K 
To D 64 117 
To C 14 88 
63 70 to B 
From A 
To H 160 
To G 280 
To F 300 
To EH 400 
To D 760 
To C 80 
To F 960 
160 to E 
To D 700 
To C 250 
912 to B 
AB 
6) 2628 Si 
58 2010 
1960 | 13 
1570: | 81 
78 1400 
12iG-21. 300 
54. 920 
670 | 25 
84 520 
90 000 | 58 


From A go Hast 


CHAPTER XLVIL. 


THE CIRCLES 


Ir we measure the circumference of a penny with a piece of thread, 
and then measure the diameter, we shall find that the circumference 
is slightly more than three times the diameter. ‘The ratio of the 
circumference of a circle to its diameter is usually given as 22, but 
173 would be a nearer approximation. The real value of the ratio 
which the circumference of any circle bears to its diameter is éncom- 
mensurable ; expressed to seven places of decimals, its value is 
3°1415926 ...; to four places, it is 3°:1416. To save the trouble of 
writing a long decimal, this ratio is expressed by the Greek letter 7. 


m Or 
Circumference of a circle : diameter of same circle :: 2A or > 21 
31416 


To find the Circumference of any Circle, having given the 
Diameter or the Radius. 


Rule.—Multiply the diameter by #2 or by 38-1416, or multiply 
twice the radius by the same constants. 


Circumference = diameter X 7 
= 2 radius X 7 
circumference circumference 
diameter ~ 2 radius 


Given the Radius of a Circle, to find the Area of the Circle. 
Rule.—Multiply the square of the radius by 7. 


and 7 = 


Area of circle = mr? 


Given the Area of a Circle, to find the Radius. 
Since wr? = area 
area 


[om 


T 


y area 
and 7 = A/ 7 


Rule.—Divide the area by 7, and find the square root of the result. 
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To find the Area of a Plane Circular Ring. 


Rule.—(a) Find the area of the larger circle. (6) Find the area of 
the smaller circle. (c) The difference 


between (a) and (0) will give the area of B 
the ring. 
Or the following method may be 
employed :— . 
Let R be the radius of the larger © ABC; 
ANG Gee? 3s Bote smaller @ DEF. A Cc 


Then area of © ABC = rR? 
and, 5... -@) DEF = zr? 
”. area of ring = 7R?— mr? =2(R? — 7”) 
=n(R+7)(R — 7) 


Rule.—Find the product of the three following : 7, the sum of the 
radii, the difference of the radii. 


Example.—Find the area of a ring whose outer and inner radia 
are respectively 20 and 15 in. 
Area of ring in sq. inches = m(R + r)(R - 1) c 
= 33(20 + 15)(20 — 15) = 92 x 35 x 5 
= 550 
: Ans. 550 sq. in. 


Polygons. 


A Polygon isa plane figure bounded by more than four straight 


lines. 
A Regular Polygon has all its sides equal and all its angles equal. 


The commonest polygons are the penta- A 
gon, the hexagon, the heptagon, and the 
octagon, with five, six, seven, and eight sides 
respectively. 


To find the Area of any Regular 
Polygon. 


(a) Given the side of the polygon 
and the radius of the inscribed circle. 


Let ABCDE be any regular polygon. 
Divide it into as many A’s as the figure 
has sides, by drawing straight lines from C 
the centre of the © to the angular points F 
of the polygon. ; 
Then the A’s are all isosceles, and all equal. And if n be the number of 


sides, r the radius of the ©, and l the length of one side, then— 


D 


Area of each A = eo eg 
nxlxr __ perimeter X 1 
«area of polygon=—» -—" #2 


Rule.—Multiply the radius by half the perimeter. 
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The radius (CF) of the inscribed circle is the perpendicular from the 
centre of the polygon on the side. Hence the next rule— . 

(b) Given the side of any regular polygon and the perpendicular 
from the central point to the side. 

Multiply the perpendicular by half the perimeter. 

The following method may also be employed. Divide the regular 
polygon into as many equal triangles as the polygon has sides by joining 


the centre of the polygon to its angular points. Find the area of one 
triangle, and hence the area of the whole polygon. 


Chords, etc., of Circles. 


The straight line AB in the figure is called the chord of the circle, 
and the parts of the circumference cut 
Cc off by it are called arcs of circles. 
The chord AB cuts the circumference 
of the circle into two arcs, ACB, ADB. 
The line AC is called the chord of half the 


‘ AB are. 
a The parts into which the area of the 


circle is divided by AB are called segments 
of the circle. ACBand ADBare segments - 
of the circle. 
The term arc has reference to the cir- 
cumference, the term segment has reference 
D to the area of the circle. 

The parts OACB and OADB are termed sectors of the circle. 

To find the Area of the Sector of a Circle. 

Rule.—Multiply the radius of the circle by half the length of the 

arc, or— 
State thus— 


“99. Jnumber of degrees 
BoBeO”.: } in angle of sector 


To find the Area of the Segment of a Circle. 
Rule.—Find the area of the sector which has the same are as the 


segment. From this deduct the area of the triangle contained by the 
radii and the chord. 


To find the Chord of an Arc, the height of the Arc and the 
Diameter of the Circle being given. 

Rule.—Multiply together the two parts into which the diameter 
is divided by the chord, and take twice the square root of the product. 

To find the Chord of Half the Arc, the Height of the Arc and 
the Diameter of the Circle being given. 

Rule.—Multiply the diameter by the height of the arc, and take 
the square root of the product. 


To find the Length of the Arc of a Circle when the Chord of 
the whole Arc and the Chord of half the Arc are known. 


\ :: area of circle : area of required sector. 
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Rule.—From eight times the chord of half the are subtract the 
chord of the whole are, and find one-third of the remainder. 


Solids bounded by Straight Lines. 


A Rectangular Solid or Rectangular Parallelopiped is a body 
bounded by six rectangular faces, the opposite faces being equal and 
parallel. 

When each of the six faces is a square, the rectangular solid is 
termed a cube. 


A Prism is a solid having two of its opposite sides equal and 
parallel, and its remaining sides parallelograms. 


Ay B 
If the ends of the prism are triangles, it is called ae 


atriangular prism; if hexagons, a hexagonal prism ; 
and so on. 


To find the Surface of a Triangular Prism. 


Area of prism = area of sides + area of two ends. 


Now, if FC = p, DF =a, FE = 6, DE =¢, then D E 
the area of the three faces is ap, bp, and cp 
respectively. Ee 


And area of each end = a/s(s —a@)(s — 5)(s — ¢) 
”, total area of prism = 2/s(s — a)(s — 6)(s —c) +p(a+6+0¢) 
Rule.—Add the areas of the two ends to the sum of the areas of 
the sides. 


To find the Volume of a Triangular Prism.—The solid may be 
considered as composed of an infinite 
number of thin slices, each equal to the A 
area of the base, placed the one over 
the other. Then— 


Volume = area of base X height of prism. 


Rule.—Multiply the area of the 
base by the height of the prism. 


Pyramids. 


A Pyramid is a solid with a 
rectilineal base, whose other sides are E 
triangles, which meet at a point not in C 
the plane of the base, called the vertex. 


To find the Surface of a Triangular Pyramid. 
1. Lateral surface or surface of sides. 


Area of A ACD = 4AE. CD 
» 4 ABC =4AE. CB >= }4AE(CD + CB + BD) 
» A ABD = Ah . BDI 


j.c. the lateral surface = half the slant height x perimeter of base. 
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2. Total surface = base surface + lateral surface. 
Rule.—Find the sum of the base and lateral surfaces. 


To find the Volume of any Pyramid. 


Rule.—Multiply the area of the base by a third of the perpen- 
dicular height of the pyramid. 


Example.— The base of a pyramid is an equilateral triangle. 
Each of the equal sides is 20 in., and the edges of the isosceles triangles 
JSorming the faces of the pyramid are each 
30 in. Find the total area of its surface. 
(o8) 
Draw the slant height AE perpendicular to 
C 


Then A’s ABE and AEC are equal in all 
respects (Eue. I. 26). 
.. BE = EC = 4BC = 4 X 20 in. = 10 in. 


B Again AB? = BE? + AE? (Euc. I. 47) 
D .. AE? = AB? — BE? = (30? — 10) sq. in. 
E = 800 sq. in. 
.. AE = 4/800 sq. in. = ./400 x 2 sq. in. 
= 20/2 sq. in. 


Then lateral surface = 4AE X (perimeter of base) 
= (+ xX 20/2 X 60) sq. in. = 600 ,/2 sq. in. 


Area of base == (‘sev’) eq: in. ee sq. in. = 100,/3 sq. in. 
es a wee = (600 ./2 + 100 4/3) sq. in. 
= (848°52 + 173-2) sq. in. = 1021-72 sq. in. Ans. 


The Right Circular Cylinder. 


A Right Circular Cylinder is a solid described by the revolution 
of a rectangle about one of its sides which remains fixed. 


It may be regarded as a “round prism having a circle at each of its 
equal and parallel ends.” 


To find the Total Surface of a Cylinder. 


1. The Curved Surface-—Multiply the circumference of the base 
by the height. 
We may look upon the curved surface of a cylinder as capable of being 
unrolled so as to assume the shape of a rectangle. 
2. The Whole Surface.—Add the area of the two ends to the area 
of the curved surface. | 
Let h = height of cylinder, and r = radius of base. 
Then 277 = circumference of base 
and 27r xX h = area of curved surface 
Now, 77? = area of one end of cylinder 
so 2rrh + 27? = total surface of cylinder 
or 2nr(h +r) = 


3? $9 39 
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To find the Volume of a Cylinder. 
Rule.—Multiply the area of the base by the height. 
Regarding the cylinder as a “‘ round prism,” the reason for this rule is 
at once apparent. 
Example.—Find the total surface and volume of a right cylinder 
whose radius is 7 ft., and whose height is 13 ft. 
Total surface of cylinder = 2mr(h + r) 
2x 92% 7 
ee 


(13 + ”) sq. ft. 


= 2x 22 x 20 sq. ft. = 880 sq. ft. Ans. 
Volume of cylinder = mr2h = (32 X 7? X 138) cub. ft. 
= 2002 cub. ft. Ans. 


The Flat Ring. 

The flat ring may be regarded as the 
difference between two cylinders. 

To find the Volume of the Ring. 


(a) In terms of the diameter. 
Call AB the diameter of outer cylinder, D3 
q. 


9? b 99 99 99 


a inner 
,, AH the height of the cylinder, h. 


hD? 

Then volume of outer cylinder = - 7 
; , hd? 

and a inner, = = G 


“. volume of ring = =i (De — d?) 


= 7 (D+) - 4) 


And re-written in terms of the sad (R and r), we have— 
Volume of ring = th(R + 7)(R - 7) 
(b) In terms of the area of the cross-section and the mean 


circumference. ; 
Regarding the ring as a long rectangular prism bent round into a 


circle until the two ends meet, and recollecting that— 
Volume of rectangular prism = area of base x height 
we get— 
Volume of ring = area of cross-section X mean circumference. 
Example.—Given that the radius of the outer cylinder is 9 in., the 
inner radius 5 in., and the height 2 in., find the volume of the flat 
ring. 
Volume of ring = 7(R + r)(R — rjh 
| {22(9 + 5)(9 — 5)2} cub. in. 
= (#2 x 14 x 4 x 2) cub. in. 
= 852 cub.in. Ans. 
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The Right Circular Cone. 


A Right Circular Cone is a solid produced by the revolution of a 
right-angled triangle about one of its sides containing the right angle 
while that side remains fixed. 


It is a ‘‘ round pyramid ” having a circle for its base. 


To find the Area of the Surface of a Cone. 


1. The Area of the Slant Surface-—Multiply the circumference of 
the base by half the slant height. 


(1) The circumference of the cone and the slant height may be regarded 
aS corresponding to the base and perpendicular height 
of a triangle ; hence the above rule is analogous to that 
for finding the area of a triangle. 

(2) Care must be taken to distinguish between the 
slant height and the perpendicular height of a cone. 
AC is the slant height, AD the perpendicular height. 


2. The Total Area.—Add the area of the 
circular base to the area of the slant height. 
Let radius of base of cone = 7, 
and slant height = h. 


Then circumference of base = 2rr 
and area of slant surface = 2xr x 4h = mrh 
Area of base = mr? : 
Then total area =arh + ar? = mr(h + 1). 


Rule.—Find the product of the three following factors :— 
(1) The sum of the height and the radius ; (2) 7; (8) the radius. 


To find the Volume of a Right Circular Cone.—A cone may be 
considered a pyramid with an infinite number of sides; hence the 
perimeter of the pyramid eventually becomes the circumference of the 
cone, and the formule for the two become alike. 


.. volume of cone = base x 4 perpendicular height 
= mr? x 1 perpendicular height. 


Rule.—Multiply the area of the base by a third of the perpen- 
dicular height. 


It will be observed that this formula applies also to the volume of a. 
pyramid. 


Example.—Find the curved surface, the total surface, and the 
volume of a cone whose base diameter is 6 in., and whose perpendicular 
height is 4 in. 


Referring to the cone above, 
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AB? = BD? + DA? (Euc. I. 47) 
= 87in, + 47 in. = 265 in. 
*, AB = 5in. = height of cone 


Area of curved surface = mrh = ee sq. in. = 474 sq. in. 
i 
Total surface = ar(r +h) = se sq. in. 


= 75% sq. in. 

Volume = mwr* x 4 perpendicular height 
“22-600 
Beenie 
= 37% cub. in. Ans. 


cub. in. 


EXERCISE LXVII. 


Circles. 


1. Find to 3 places of decimals the radius of the circle whose area 
is the sum of the areas of the two triangles whose sides are 35, 53, 66, 
and 33, 56,65. (7 = 3.) (c.M.) 

2. Find the perimeter and the radius of a circle, the area of which 
is 5°309304 sq. ft. (R.M.C.) 


3, Taking r = 3°14159, calculate approximately the area and the 
perimeter of the circle inscribed in a square, the side of which is 
359°5678 ft. (R.M.A.) 


4, I bend a piece of wire into the shape of an equilateral triangle, 
with a circle described about it. If the length of the side of the 
triangle is 14 in., how long is the wire? (c.M.) 


5. ABC is an equilateral triangle; two circles are described, each 
passing through A, one of them touching BC at its middle point, and 
the other passing through B and C; and each side of the triangle is 
14 in. long. Find the areas of the circles. (C.8.) 


6. The area of an equilateral triangle is 17320°5 sq. ft. About each 
angular point, as centre, a circle is described with radius equal to half 
the length of a side of the triangle. Find the area of the space included 
between the circles. (./3 = 1°73205.) (R.M.C.) 


7. A halfpenny piece is 1 in. in diameter. Six halfpennies are 
placed so that each coin touches two others, their centres being all on the 
circumference of a circle. Find the area which they enclose. (R.M.C.) 


8. The area of a rectangular field is 3ac., and its length is double 
its breadth. Determine the length of its sides approximately. If a 
pony is tethered to the middle point of one of the longer sides, find the 
length of the tether in yards (correct to 2 places of decimals), in order 
that he may graze over half the field. (R.M.C.) 
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9. One hundred and five halfpenny pieces lying on a flat surface 
with their edges in contact are just contained by a frame in the form of 
an equilateral triangle. The diameter of a halfpenny being 1 in., show 
that the side of the triangle is (18+ ,/3) in., and calculate its area 
approximately. (R.M.C.) 


10. Two tangents, AB, AC, to a circle of radius 10 ft. contain an 
angle of 60°. Find to the nearest square foot the area included 
between them and the circle. (r= 31.) (0.8.1) 


Chords, etc., of Circles. 


11. How many panes of glass, each 42 by 33 in., will be required for 
a window with a semicircular head, whose extreme height is 35 ft. and 
width 14 ft.? (r= %.) (c.m.) 


12. Prove that the area of a sector of a circle is equal to half the 
product of the length of the arc and the radius. If the area is 
2240°567 sq. ft., and the radius 33°495 ft., calculate the length of the 
arc. (R.M.A.) 


18. A pendulum swings through an angle of 30°, and the end 
describes an arc of 133,in. Find the length of the pendulum. (r =3}.) 
(0.S.L.) 


14. The minute-hand of a clock is 10 in. long. Find the area on 
the clock face which it describes between 9 a.m. and 9.35 am. (R.M.c.) 


15. It is proposed to add to a square lawn measuring 58 ft. ona 
side two circular ends, the centre of each circle being the point of inter- 
section of the diagonals of the square. How much turf will be required 
for the purpose? (R.M.A.) 


16. Find the area of a segment of a circle, of which the arc is one- 
third of the circumference, the radius being 7} in. (Take m = 33, 
/3=111.)  (c.8.) 


Polygons. 


. 17. The area of a regular hexagon is 1944,/3 sq. in. Find the 
length of aside. (c.8.) 


18. The side of a regular pentagon being 10, find its area. (c.s.) 


19. A chain is taken along the line AD (920 lks.) in the six-sided 
field ABCDEF. The distance of the points B, C, E, F from AD are 
182, 250, 190, 186 lks., meeting it at points 120, 560, 750, 95 lks. from A 
respectively. Find the acreage of the field  (c.s.) 


20. In the pentagonal field ABCDH, the length of AC is 50 yds., 
and the perpendiculars from B, D, and HE upon AC are 10, 20, and 
15 yds., the distances from A of the feet of the perpendiculars from D 
and Hi being 40 and 10 yds. Find the area. (R.M.a.) 


21. Find the area enclosed by 200 hurdles placed so as to form a 
regular polygon of 200 sides, the length of each hurdle being 6 ft. 
(R.M.A.) 
22. Hind in yards, to 4 places of decimals, the difference between 


the area of a regular hexagon, each of whose sides is 72 yds., and the 
area of the circle inscribed in it. (mr = 31.) (c.m.) 
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23. Find the expense of paving a circular court 80 ft. in diameter 
at 8s. 4d. per square foot, leaving in the centre a space for a fountain in 
the shape of a hexagon, each side of which is a yard. (R.M.A.) 


Prisms. 


24. The perpendicular height of a square chimney is 150 ft. 3 in. 
The side of the base measures 12 ft. 6 in., and the side at the top 
measures 6 ft. 3 in. The cavity is a square prism whose side measures 
3 ft.9 in. How many cubic feet and inches of solid brickwork are 
there in the building? (c.P.) 


25. The sides of the base of a triangular prism are 17, 25, and 28 ft., 
and its height is 20 ft. Find its volume. (c.M.) 


26. The solid content of a triangular prism is 4°16 cub. ft., and the 
sides of the triangular end are 2 ft. 1 in.,1 ft. 8 in.,and 1 ft.3 in, Find 
the length of the prism. (C.P.) 


27. Determine the number of cubic yards in a bank of earth on a 
horizontal rectangular base 60 ft. long and 20 ft. broad, the four sides 


of the bank sloping up to a ridge at an angle of 40° to the vee 
R.M.A. 


28. Find the area of the surface (including the ends) of a hexagonal 
prism whose height is 18 ft., the base being a regular hexagon with a 
side of length 3 ft. (R.M.A.) 


Pyramids. 


29. Find the volume of a pyramid, the height of which is 12 in., and 
the base an equilateral triangle, each side of which is 10 in. 


30. Find the solid content of a pyramid whose vertical height is 
142 ft., and which has for its base a triangle whose sides measure 72, 58, 
and 50 in. (c.P.) 

31. A right pyramid stands on a regular hexagonal base, whose side 
is 20,/3 ft. The total area of the triangular faces is 8000,/3 sq. ft. 
What is the height? (0.s.L.) 


32. A crystal consists of a cube capped at two opposite faces by 
' pyramids, the sides of which are equilateral triangles. Show that the 
whole surface is equal to that of a square on the sum of the diameters of 
a rhombus of which one of the equilateral triangles is a half. (c.M.) 

33. A square tower 21 ft. on each side is to have either a flat roof 
covered with sheet lead, which costs 6d. per square foot, or a pyramidal 
roof, whose vertical height is 10 ft., covered with slates, which cost 
18s. 9d. per 100, and each of which has an exposed surface of 12 in. by 
9in, Find the cost in each case. (0.J.) 


Cylinders. 


34. The outer diameter of a water-pipe is 2 ft., the inner diameter is 
1 ft. 8 in., and the jength of the pipe is 40 ft. Find the number of solid 
inches of metal used in the construction of the pipe. (¢.P-) 
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85. What willit cost to make a cylindrical barrel closed at both ends, 
3 ft. high and 8 ft. in diameter, the price of wood being 6d. per square 
foot, and the charge for labour being made at the rate of 3d. a gallon 
on the contents of the barrel? (Take a gallon = 270 cub. in.) (0.3.) 


36. A well 5 ft. in diameter and 30 ft. deep is to have a Jining of 
bricks fitting close together without mortar, 9 in thick. Required 
approximately in tons the weight of the bricks, supposing a brick 
9 x 44 x 3 in. to weigh 5 lbs. (R.M.A.) 


37. If a bushel of oats measure 2169-6428571 cub. in., find the depth 
of a, cubical corn-bin which will just contain 42 bush., and also the smallest 
whole number of inches in the diameter of a cylindrical bin of the same 
depth which will hold as much. (c.3.) 


88. A right cylinder of wood, 10 ft. long and 2 ft. in diameter, is 
sawn along two planes parallel to each other and parallel to the axis of 
the cylinder, each plane being at a distance from the axis equal to one- 
half of the radius of the cylinder. Compare the volumes of the logs so 
formed. (C.s.) 


39. Two cylindrical vessels are filled with water; the radius of one 
vessel is 6 in., and its height 1 ft., and the radius of the other is 8 in., and 
its height 14 ft. Find the radius of a cylindrical vessel 11 in. in height 
which will just contain the water in the two vessels. (R.M.A.) 


40. Determine the diameter of a cylindrical gasholder to contain 
10000000 cub. ft. of gas, supposing the height to be made equal to the 
diameter; and determine in tons the weight of iron plate, weighing 
23 lbs. per square foot, required in the construction of the gasholder, 
supposing it open at the bottom and closed at the top by a flat top. 
(7 = 3:1416.) (R.m.a.) 


41. One quarter of the volume of a cylindrical boiler 12 ft. long and 
5 ft. in diameter internally is fitted with cylindrical heating tubes fitted 
longitudinally, and 74 in.in diameter. Find the number oftubes. (c.M.) 


42. A cylindrical boiler, terminated by plane ends, is internally 
15 ft. long and 4 ft. in diameter, and is traversed lengthwise by 50 cylin- 
drical fire tubes, each 3 in. in external diameter. Determine the volume 
of water the cylinder could contain, taking 7 to be ?. (R.M.A.) 


43. Water is flowing steadily through a pipe, which consists of two 
parts. The cross-section of the first part is an equilateral triangle of 
side 6 in., and that of the second a circle of radius 2in. Find (approxi- 
mately) the rate of flow of water in the second part, that in the first 
being 31°7552 ft. per minute. (t= ¥%; ./3 =1°782.) (R.M.A.) 


Flat Rings. 
44, Find the volume of a flat ring whose outer diameter is 4 ft., inner 
diameter 3 ft., and whose thickness is 5 in. 
45. The cross-section of a flat ring is 3 in. high and 4 in. wide, and 
the extreme width of the ring is 30 in. [ind its volume. 


46. The area of a disc is 4900 sq. in., and a.smaller disc 3600 sq. in. 
in area is cut out of it. If the thickness of the disc be 4 in., find the 
volume of the flat ring remaining. 
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Cones. 


47. How many square feet of canvas are necessary for a conical tent 
whose perpendicular height is 10 ft. and diameter of its base 13 ft. ? (c.s.) 


48. The height of a conical tent is 74 ft., and it is to enclose 
200 sq. yds. of ground, Find how much canvas will be required. 
(w= ¥.) (R.M.A.) 


49. A right-angled triangle, whose sides are 4 and 3 in., is made to 
turn round its hypotenuse, Find the volume and surface of the double 
cone so formed. (c.M.) 


50. Calculate the diameter of a circle equal in area to the curved 
surface of a right cone, whose vertical angle is 90° and vertical height 
14142 ft. (R.M.a.) 


51. The interior of a building is in the form of a cylinder of 15 ft. 
radius and 12 ft. altitude, surmounted by a cone whose vertical angle is 
aright angle. Find the area of the surface and the cubical content of 
the building. (R.M.c.) 


52. A cylindrical stick } in. thick is sharpened at one end into the 
shape of a cone, the slant side of which is jin long. How much wood 
is cut away in doing this? (0.J.) 

53. A vessel in the shape of a circular cylinder, open at the top, the 
height of which is double its diameter, stands on a horizontal table, and. 
is filled with water. A solid circular cone, of the same base and the 
same height, is pushed into the water until its vertex reaches the base 
of the cylinder, and is then taken out. Find the height at which the 
water afterwards stands in the cylinder. (R.M.A.) 


CHAPTER XLVIII. 


FRUSTA OF CONES AND PYRAMIDS. 


The Frustum of a Cone (or of a pyramid) is that part which remains 
after a smaller cone (or pyramid) has been cut off at the top by a plane 
parallel to the base. 


“>> 
a 


To find the Area of the Slant Surface of the Frustum of a Cone 
or of a Pyramid. 


Rule. —Multiply half the sum of the perimeters of the ends by the 
slant height. 

In the case of the cone, the perimeters will be the circumferences 
of the circle. Hence, area of curved surface of cone = m™(R+7r). ° 


To find the Volume of the Frustum of a Cone or of a Pyramid. 


Rule.—Add to the areas of the two ends the square root of the 
product of the areas; multiply this sum by a third of the perpendicular 
height of the frustum. 


Let A and a = areas of the two ends; 
and P = the perpendicular height of the frustum. 


Then volume of frustum of a cone or pyramid = 4P(A + a+ Aa). 


Or, in the case of the frustum of a cone, we may re-write in terms of 
the radius, thus— 


Volume of frustum of cone = }P(mR? + mr? + /aR? x a7?) 
= 5 PCR? + 7? + Rr) 


Example.—ind the curved surface, the total surface, and the volume 
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of the frustum of a cone, the circumferences of whose bases are re- 
spectively 44 and 22 in., and whose slant height is 5 in. (c.8.) 
Let R and r = radii of large and small 


a eae a 


circles respectively. Ax----F DE 
Circumference of large circle = 44 in. = 27R 

44x7 

= SVT am 

— eho ie 


Similarly, 7 = 34 in. 
Area of curved surface = rh(R + 7) = 


= 165 sq. in. 

Area of whole surface = area of ends + area of curved surface 
= {m(R? + 7?) + 165} sq. in. 
_ 22 x {7 + (83)*} 
2 eeetae eee 
= 38574 sq. in. 


Volume of frustum = 7 (R +7? + Rr) 


22 X OC) +35). 
Tape ds 1D 


sq. in. + 165 sq. in. 


To find value of P or of FD 
FD? = HA* = AB? — BH? = 5? — (83)? in. = 32 in. 

“. Por FD = V7 S2 in. = $4/51 in. 
Substituting in the equation above— 
22 x V7 51 
TxX3X2 
_ 22 x /51 x 853 
See x xX 2 


= 802°8 cub. in. approximately. 
Ans. 165 sq. in.; 38574 sq. in.; 802°8 cub. in. 


The Sphere. 


A sphere is a solid every point of whose surface is equidistant 
from a point within the solid called the centre; or it may be described 
as a solid produced by the revolution of a semicircle about a diameter 
which remains fixed. 


To find the Surface of a Sphere. 
Rule.—Multiply the square of the diameter by 31416. 
Surface cf sphere = 47r? square units. 


To find the Volume of a Sphere.—The sphere may be considered 
as the sum of an infinite number of small cones or pyramids, whose 
height is the radius of the sphere, and the sum of whose bases is the 


area of the sphere. 


Volume of frustum = {72 + (34)? + 7 x 35} cub. in. 


cub. in. 


@) 


v 
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Now, volume of one cone = area of base x 


= area of base X 


Col Wis 


But bases of all the cones = surface of sphere 
A 


, volume of sphere = area of surface of sphere x 5 


Os ll 
7, 
Rule.—Multiply the cube of the radius by 47, and divide by 3. 


Example.—Find the surface and volume of a sphere whose radius 
as T ft. 


= Any? ~ 


Surface = 477? = se ea. ft. = 616 sq. ft. 
e 9 3 
i ae cub fh = 14374 cub. ft. 


Ans. (1) 616 sq. ft.; (2) 14374 cub. ft. 


The Zone and Segment of a Sphere. 


A zone of a sphere is that portion of a sphere which lies between two 
parallel planes which cut the sphere; ¢.g. the solid ABCD. 

A Segment.—A segment of asphere is that portion of a sphere cut off by 
a plane passing through it; eg. the plane 
AGBH cuts the sphere into two spherical 
segments, EAGB and FAGB. 

A sector of a sphere consists of a spherical 
segment plus a cone standing on the cutting 
plane as a base, the apex of the cone being at 
the centre of the sphere; e.g. AOBE. 


To find the Surface and Volume of the 
Segment of a Sphere.— A segment of a 
sphere is a particular form of the zone of 
a sphere. his is obvious if one of the 
cutting planes (eg. AGB) is drawn to 
touch the sphere instead of cutting it. Hence the formule for the 
segment may be obtained from that of the zone. 


Area of segment = 2rh 
where r is the radius of the sphere, and / the height of the segment. 


h 
Volume of segment = is (37,2 + h?) 


where 7; is the radius of the base of the segment. 


To find the Surface and Volume of the Zone of a Sphere. 
Curved surface of zone = 2art 
where ¢ is the thickness of the zone. | 


Volume of zone = * {3 (712 + re?) + 
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where 7; and 72 are respectively the radii 
Nerina ai p y adii of the two ends, or the top and 


Note.—When the zone becomes asegment 1, disappears, and the formula 


wt 
becomes ‘ (371? + 7”), the formula for a segment. 


To find the Volume of a Spherical Shell.—T 

spherical shell may be regarded as the difference aaa he ae 

of two spheres. ‘The spheres may be regarded as being concentric, but 

whether they are or not, the volume is the same. 
Let R be the radius of one sphere, and 7 that of the other. 


Then volume of shell = $7R* — 4273 = 40(R? — 13) 
ge D3 give 
(a z m= (e — Sag ees? 


= 4 {D — aD? + Da + a} 


T 


Deas 
cc \o + Dd + a) 


The student should compare this formula with that for the frustum of 
a cone (p. 468). 


Example.— The outer diameter of a shell is 10 in., and the inner 
diameter is 9 in. Find the volume of the metal contained in the 
shell. (0.8.) 

a/D—d 
Volume = 3 3 )@e + Dd + d?) 


2 /10-—9 
aa ee +. 90 + 81) cub. in. 
1 


22 
eyrx 
epee i, : 
= & x 4X 271 | cub, in. 


41:95 cub. in. Ans. 


To find Volume of a Cylindrical or Anchor Ring. 
This should not be confused with the jlat ring (p. 461). 


The anchor ring may be regarded as a 
long narrow cylinder bent round into a 
circle until the two circular ends touch 
each other. 

Volume of cylinder=area of circular 
end X height 
Volume of cylindrical ring =area of cross-sec- 
tion X mean 
‘ circumference. 
Let R = OB, and r = O8. 
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Then mean circumference Gage | ia( Ride) 


by dotted circle) 
R-r\ 
Na 


be \2 
.. volume of ring = (3) mR +17) 


and area of cross-section 


7 (R- XB +1) 


Similar Figures. 


These may be defined as figures of the same shape, but not neces- 
sarily of the same size. 


Thus squares of all sizes are similar figures; so are all circles and all 
equilateral triangles. 
The triangles ABC, ADE are similar triangles. 
Then AB: AD:: AC: AE 


and AB: BD:: AE: CE 
» AGPGD=+:AE 2 EB, etc. 


The Areas of Similar Figures are to one 
another as the squares of their corresponding 
dimensions (Huc. VI. 20). 

The Volumes of Similar Figures are to 
one another as the cubes of their corresponding 
dimensions. 

Conversely, the corresponding dimensions of similar figures vary as 


the ee roots of their © Ienes 


Example.— The volume of a body of definite form varies directly as 
any one of its three axes varies, the other two being considered constant ; 
if the weight of such a solid, whose axes are 5 in., 3 ft., and 4 in., be 
1728 oz. when constructed of one material, what is the weight of one 
whose axes are 4 ft., 2 in., and 30 in., when made of a substance the 
ae of which ts to the density of that composing the first as 3:42 
C.8. 


Let V and v be the volumes of the two bodies respectively ; let D and 
d be their densities. 


Then ViP@gege wx oOex4 148 oD aS0 


720 ; 2880 
sd 1 eu 
and D d*%: 4 “3 
.. DY endtas 4x1 hex D 
tate Ween 4 : 12 (where W and w = weights of bodies) 


-:4 x 1728 oz. : 12 X 1728 oz. 
‘+4 x 108 Ibs. : 12 X 108 lbs. 
[108 Ibs. : 324 Ibs. 


Ans, 324 lbs. 
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EXERCISE LXVIII. 


Frusta of Pyramids. 


1. Find the volume of a frustum of a square pyramid, each side of 
one of its ends being 6 ft., each side of the other end 4 ft., and the 
perpendicular height 5 ft. (c.m.) 


2. A frustum of a regular pyramid has square ends; the edge of the 
lower end is 10 in., and that of the upper end 5 in.; and the height of 
the frustum is 73 in. Find the length of a slant edge of the frustum, 
and the area of the slant faces. (R.M.A.) 


3. If a pyramid is cut into two pieces by a plane parallel to the base, 
halfway between the vertex and the base, show that one piece is equal 
to 7 times the other. (c.s.) : 


4. A right pyramid 12 ft. high, standing on a square base, each side 
of which is 10 ft. long, is divided into 4 parts of equal thickness by 
planes parallel to the base. Determine the volume of each part in cubic 
feet. (0.8.L.) 


5. An obelisk 684 ft. high has a square section throughout; it is 
74 ft. wide at the base, and gradually tapers to a width of 5 ft., the 
summit being in the form of a pyramid 73 ft. high; it is made of granite, 
of which a cubic foot weighs 156 lbs. Find the weight of the obelisk. 

(R.M.A.) 


6. Find the number of cubic feet of stone in Cleopatra’s needle, 
taking the form of the obelisk as the frustum or portion of a square 
pyramid 61 ft. high, 7 ft. 8 in. square at the base, and 4 ft. 6 in. square 
at the top, and capped at the top by a square pyramid 7 ft. 6 in. from the 
‘base to the apex. (C.S.) 


Frusta of Cones. 


7. Find the curved surface of the frustum of a cone whose top and 
bottom diameters are 4 ft. and 6 ft., and slant side 8 ft. (7 = 3}.) (0.M:) 


8. Express the volume of a cone in terms of the radius of the base 
and the vertical height. If the diameters of the circular ends of a 
frustum of a cone be 4 in. and 6 in., and the volume of the frustum be 
209 cub. in., find the height of the cone. (w= 3}.) (R.M.A.) 


9. The height of a cone is 30 ft. A small cone is cut off the top by 

a plane parallel to the base. If its volume be 4, of the volume of the 

given cone, at what height above the base is the section made? (r=3}.) 
(0.8.L.) 


10. A vessel in the form of a conic frustum is required to hold 
31 gals. of water. If the diameters of its circular ends be 10 in. and 
6 in., what must be its length? (Given the contents of gallon 
= 277274 cub. in., circumference of circle = ? diameter.) (C.S.) 


11. The cubical contents of a certain cask are equal to twice that 
of a frustum of a right cone 2} ft. high, the end diameters of which 
measure respectively 3 ft. and 3 ft. 6 in. How many such casks will 
hold as much as 508 cylindrical casks, each measuring internally 5 ft. in 
height and 3 ft. 3 in. in diameter? (C.S.) 


12. A tent is made in the form of a conic frustum, surmounted by 
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a cone of different angle. The diameters of the base and top of the 
frustum are 14 ft. and 7 ft., its height 8 ft., and the height of the tent 
12 ft. Find the quantity of canvas required for it. (c¢.s.} 


Sphere. 


13. If the number of square feet on the surface of a sphere equals 
the number of cubic feet of its volume, what number represents its 
diameter ? (C.S.) 


14. A leaden sphere 1 in. in diameter is beaten out into a circular 
sheet of uniform thickness equal to ;4,in. Find the radius of the sheet. 
(R.M.A.) 


- 15. A pyramid of lead is 14 in. high, and stands on a square base 
6 in. long on each side. How many cubic inches of lead does it contain, 
and how many spherical bullets :75 in. in diameter can be made out of 
it? (0..) 


16. A circular disc of lead, 3 in. in thickness and 12 in. in diameter, 
is wholly converted into shot of the same density, and of ‘05 in. radius 
each. How many shot does it make? (R.M.a.) 


17. A cubical box 5 ft. deep is filled with layers of spherical balls, 
whose diameters, where they touch, are in vertical and horizontal lines. 
Find what portion of the space in the box would be left vacant if the 
diameter of a ballis half an inch. (n.M.a.) 


18. A sphere, whose radius is 2! in., is enclosed in a hollow cylinder 
of the same radius, whose length is equal to its circumference. How 
many cubic inches are there in the remaining part of the cylinder? 
(x= 3h): (om) 

19. A sphere of 1 ft. radius rests on a table. Find the volume of the 
right hollow cone which can just cover it, the section of the cone through 
the axis being an equilateral triangle. (R.M.A.) 


20. Assuming a drop of water to be spherical and }, in. in diameter, 
to what depth will 500 drops fill a conical wine-glass, the cone of which 
has a height equal to the diameter of its rim? (R.M.A.) 


21. A solid iron cube, the edge of which is 2 ft. in length, and a solid 
iron sphere, the radius of which is 1 ft., are thrown into a cubical tank 
which is 6 ft. across, and is half filled with water. Find the rise of the 
surface of the water in inches to 5 places of decimals, it being taken for 
granted that the cube and the sphere are both completely submerged. 

(R.M.A.) 


22. A hollow right prism stands upon a base which is an equilateral 
triangle; the vertical faces of the prism are squares, the side of a square 
being 1 ft. The prism is filled with water, and the largest possible 
sphere is then submerged in it. Find (to the nearest cubic inch) the 
amount of water remaining in the prism. (7 = 2, ,/3 =1:73.) (R.M.a.) 


23. Within a hollow sphere of 1 ft. radius is placed a right prism, 
the ends of which are equilateral triangles. The side of one of these 
being 1 ft. in length, and the surface of the sphere being in contact with 
all the six angular points of the prism, find in cubic inches the volume 
of the latter. (R.M.a.) , 
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_ 24. A cone and a hemisphere have equal bases and equal volumes. 
Find the ratio of their heights. (c.m.) 


25. Find the number of square inches in the surface of a glass shade 
in the shape of a cylinder with a hemispherical top, the diameter of the 
shade being 12 in., and the total height to the top of the dome 2 ft. 
(w = 8:1416.) (c.s.) 


26. An iron boiler is constructed in the form of a cylinder with 
hemispherical ends. If the radius of the boiler is 1 ft. and its extreme 
length (inside) 4 ft., calculate, as a fraction of a ton, the weight of water 
which it will hold, assuming that 1000 oz. is the weight of 1 cub. ft. of 
water. (R.M.A.) 


27. Find the number of square feet in a buoy in the form of a cone 
and hemisphere, united by the rim of their common base, the height of 
the cone and the diameter of the base being 8 ft. each. (c.8.) 


28. A cathedral has two spires and a dome; each of the former 
consists, in the upper part, of a pyramid 60 ft. high standing on a square 
base, of which a side is 20 ft. The dome is a hemisphere of 40 ft. radius. 
Find the cost of covering the three with lead at 74d. per square foot. 

(Take w = #.) (R.m.a.) 

29. Find the area of the convex surface of the segment of a sphere, 
the height being 8 in., and the diameter of the sphere 103 in. (c.M.) 

30. A circular room, surmounted by a hemispherical vaulted roof, 
contains 5236 cub. ft. of air, and the internal diameter of the building 
is equal to the height of the crown of the vault above the floor. Find 
the height. (R.M.A.) 


Spherical Shell. 


31. What quantity of metal will be required to make a hollow 
spherical ball, the external diameter being 18 in. and the thickness 
44 in.? (c.8.) 

32. Write down the expression for the volume of a spherical shell, 
the external and internal radii of which are 5 in. and 4 in. respectively. 
Tf this shell is made of lead, and if it is filled with water, find to the 
nearest ounce its total weight, it being given that 1 cub. ft. of water 
weighs 1000 oz., and that lead is 11°5 times as heavy as water. (R.M.A.) 


Cylindrical Ring. 
33. Required the solid content of a cylindrical ring whose thickness 
ig 27 in. and inner diameter 96 in. (C.P.) 
34. Find the content of a ring whose section is 9 in. square and 
outside diameter 6 ft. (C.S.) 
35. Find the solid and superficial contents of a cylindrical ring whose 
thickness is 9 in. and inner diameter 32in. (1 =.) (c.8.) 


Similar Figures. 

36. The sides of a triangle are respectively 6,4,and 4 yds. Compare 
the area of the original triangle with that of the triangle formed between 
one of the shorter sides and the perpendicular let fall on the other from 
the opposite angle to it. (K.S.) 
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37. Assuming that the volume of a cone is one-third of the base 
x height, find an expression for the difference between the volumes of 
two similar cones, of which the height and radii of the base are H, R 
and h, r respectively. Hence deduce the formula for the volume of 
a frustum of a cone. (c.M.) 


38. A ball of lead 4 in. in diameter is covered with gold. Find the 
thickness of the gold in order that (1) the volumes of the gold and lead 
may be equal; (2) the surface of the gold may be twice that of the lead. 

(R.M.A.) 


39. If a right cone on a circular base be divided into three portions 
by two sections parallel to the base at equal distances from the base and 
vertex, compare the three volumes into which it is divided. (n..a.) 


40. T'wo pipes, one of lead and the other of tin, are respectively 
49 in. and 61°6 in. long; they both have the same internal diameter, 
1 in.; and the external diameter of the lead pipe is 1:2 in. If lead is 
11 times and tin 7 times as heavy as water, what must be the external 
diameter of the tin pipe that both pipes may have the same weight ? 

(R.M.A.) 


41. The height of a solid right cone is 14 in., and its vertical angle 
is two-thirds of a right angle. If this cone is cut into two parts by a 
plane bisecting the axis at right angles, find to 4 places of decimals the 
volume and total slant surface of each part. (R.M.A.) 


Miscellaneous. 


42. A minute of latitude contains 6080 ft., and a metre is the ten- 
millionth part of a quadrant of the meridian. A kilogramme is the 
weight of the one-thousandth part of a cubic metre of water, and a cubic 
foot of water weighs 1000 oz. Hxpress a kilogramme in ounces to 2 places 
of decimals. (c.m.) af 


43. Gold is 19:25 times as heavy as water, and a cubic foot of water 
weighs 997 oz. avoirdupois. Find (approximately how many square feet 
a cubic inch of gold wili cover in the form of gold-leaf, given that one 
grain of gold will cover 56 sq. in. (R.M.A.) 


44, Write down the formule for the volume of a cone of height a 
and base A, and for the volume of a sphere of radius r. Find to the 
nearest gramme the weight of a steel body consisting of a cone and a 
hemisphere with a common base, the height of the cone being equal to 
the diameter of the base—that is, 10 centimetres. (Given steel is 
78 times as heavy as water, and one cubic centimetre of water weighs 
one gramme.) (R.M.A.) 


45. The silk covering of an umbrella forms a portion of a sphere 
of 33 ft. radius, the area of the silk being 142 sq. ft. Find the area of 
the ground sheltered from vertical rain when the stick is held upright. 
(= 45) (RMA) 


EXERCISE LXIX, 


Test Papers. 


1. Divide five millions seven hundred and ninety-one thousand seven 
hundred and fifty-five by one hundred and twenty-one, employing the 
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method of short division. Express the result in words, and explain the 
process by which the remainder is obtained. (C.PR.) 


2. A boy running up a staircase finds that when he goes up two 
steps at a time there is one step over; when he goes up three at a time 
there are two over; and when he goes up four at a time there are three 
over. Find the number of stairs, which is somewhere between 40 and 50. 


3. Multiply -208 by :058, and :027 by -4583 ; also find the difference, 
in a decimal form, between the two products. (c.P.) 


4. A cistern partly full, into which a steady stream of water is 
flowing, has a number of equal holes in the bottom, which can be opened 
or closed at will. If 10 were opened the cistern would be emptied in 
20 min.; if 8 were opened, it would be emptied in 35 min. ‘Twelve are 
opened : how soon will it be emptied? (C.S.L.) 


5. In mental arithmetic, what rules would you give (1) for multiply- 
ing by ‘75; (2) for finding the value of any number of things at £1 3s. 4d. 
each; (3) for finding simple interest on a given principal for a given 
time at 23 per cent. per annum; (4) for finding the cost for a year at 
Td. per day? (K.S.) 


6. Extract the square root of 893830609, and raise 1:05 to the fourth 
power. (0.S.L.) 


7. A casket contains diamonds and pearls; the diamonds are worth 
as many times the pearls as the pearls are worth the casket, and the 
values of the diamonds and the casket are £3411 9s. and 1 guin. respec- 
tively. Find the value of the pearls. (K.S.) 


8. Of the boys in a school one-third are over 15 years of age, one- 
third between 10 and 15. A legacy of £100 can be exactly divided 
amongst them by giving 10s. to each boy over 15, 6s. 8d. to each between 
10 and 15, and 3s. 4d. to each of the rest. How many boysare there in 
the school? (C.L.S.) 


9. The price of gold’ is £3 17s. 103d. per ounce. What ought 539 
sovereigns to weigh, supposing }} of each to be pure gold, and that the 
value of a sovereign is equal to the gold it contains? (c.8.) 


10. Between two railway stations the first, second, and third class 
fares were fixed at first in the ratio of 8:6: 3, but afterwards the 
first-class fare was reduced by 2d. in the shilling, and the second by 1d. 
in the shilling. In a year the numbers of first, second, and third class 
passengers were respectively as 9 ° 12 ; 26, and the money taken at 
the booking-offices was £1088, How much was paid by first-class 


passengers? (0.8.L.) 


11. Obtain the weight in tons of two thousand one hundred million 
post-cards at 63 lbs. a thousand. What will the cost of them be at the 
rate of 40 cents per thousand, there being 100 cents ina dollar, and a 
dollar being worth four shillings and twopence halfpenny? (C.P.) 

ave STK — FX 158 + 2G + 1°44 
(12. Simplify — Vof 7] — 56 7 a (K.8.S.) 


13. One side of a rectangular field is ‘054 of a mile, and the adjacent 
side is ‘13 of a furlong. Find the length of each side in yards and feet, 
and express the area of the field as a fraction of an acre. (R.M.A.) 


ie ae 
vc 
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14. If either 10 men or 17 boys could finish a piece of work in 
27 days, working 8 hrs. aday, how long would it take 8 men and 8 boys, 
working together for 10 hrs. a day, to finish the same work ? (C.H.L.) 


15. Show the simplest methods by which the following exercises 
may be worked by mental arithmetic :— 


(a) 5 lbs. at 33d. per ounce. (e) Is. 9d. x 19. 


(6) 503 x 21. (f) 48+ 2. 
(c) 864 yds. at ¢d. a yard. (g) 1440 eggs at 5 for 6d. 


(ad) 248 slates at 21d. each. (2) 100 books at 6s. 3d. for 60. (P.7.) 


16. Find the number whose square is equal to the difference between 
the squares of 6467 and 4683. (c.s.) 


17. A watch which is set correctly at noon indicates 10 min. after 
9 the same evening when the true time is 10. What is the true time 
when the watch indicates 11 on the same evening? (c.m.) 


18. A bag contains a certain number of half-crowns, twice as many 
florins, and three times as many shillings, and the whole sum in the 
bag is 19 guins. Find how many of each coin it contains. (P.T.) 


19. When the 23 per cents. are at 921, and 2% per cents. at 974, a 
person has a sum to invest which will produce £100 more of the former 
stock than of the latter. Find the difference in the income he can 
obtain by investing in either of the stocks. (Neglect brokerage.) (c.w.) 


20. A grocer makes a mixture of chicory and coffee in the proportion 
of 1 to 6, and sold it at 1s. 6d. per pound, thereby making a profit of 
20 per cent. If he had paid 1d. per pound more for the chicory, and 
2d. per pound less for the coffee, then mixed them in the proportion of 
1 to 5, and sold the mixture at 1s. 8d. per pound, his profit would have 
been 50 per cent. Find the price per pound paid for the chicory and 
the coffee. 0.8.1.) 


21. Find by any method the value of 59 can. 14 mds. 7 vy. 97 pals 
of salt at Rs.26. 10.8. per candy. (m.v.) 

22. What two numbers, each having four digits, can have 119 as 
their G.C.M. and 13923 as their L.C.M.? (c.s.) 


23. Which is greater, and by how much— 
"2 x *02 


Ruane 7 gals., or 


qt.?. (Bt) 
Eh 
i 

eee 

Lt 

24. Ifa pint of water weigh 1} lbs. and 1 cubic foot of water weigh 
62°3 lbs., how many gallons of water will a rectangular tank 68 ft. 6 in. 
long, 25 ft. 4 in. broad, and 6 ft. 3 in. deep contain? (m.v.) 


25. A body appears to weigh 5,4, lbs. in one scale of a false balance, 
and 5 lbs. in the other scale. What is the true weight, and what could 
a fraudulent tradesman who used such a balance gain per cent. in selling 
his goods? (p.T.) 


26. A man buys one kind of tea at 8 guins. per cwt., and, another 
kind at £14 per cwt. He mixes them in proportion of 5 lbs. of the 
former kind to 3 of the latter. At what price per cwt. must he sell the 
mixture so as to gain 20 per cent. on hig outlay? (c.w.) 
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27. The dimensions of a rectangular box are 2:3; 4; and the 
difference between the cost of covering it with sheet lead at 8d. and 
8d. per square foot is 4s. 10}d. What are the dimensions of the box? 


(c.s.) 


28. In a journey of 9 hrs. a train travels 45} mi. an hour, and stops 
80 min. on the road. How long will a train take which travels 39°6 
mi. an hour, and made stoppages amounting to ? of an hour? (C.8.) 


29. A person invested money in 3 per cent. stock at 953, and derived 
a net income, after paying income-tax at 5d. in the &, of £146 17s. 6d. ; 
he afterwards sold the stock at 102!, and invested the proceeds in 23 
per cent. stock ;. and, the income-tax having meanwhile been raised to 
6d. in the £, found that his net income was 12s. 6d. less than before. 
How much money did he invest; and at what price did he buy the 23 
per cent. stock? N.B.—One-eighth per cent. brokerage isto be allowed 
for in each sale or purchase, (C.S.) 

30. The volumes of two substances contained in a certain mixture 
are as 4: 5, and the weights of equal volumes of these substances are 
as 5:6. The weight of the mixture is 15 oz. Find the weight of each 
substance contained init, (C.M.) 

$1. Complete division given below by filling in numbers omitted in 
first and second lines :— 


5) 
9) remainder 2. 
1260 remainder 6. (P.E.A.) 
ope Beg Se, 
et hee rag 
82, (en) 
op af Dine es 
ay EN Sg 
5 6 5 6 


33. Ifa rectangle 43°86 yds. long and 49-02 yds. wide is divided into 
129200 equal squares, how long (in inches and decimal of an inch) will 
the side of each square be? (C.P.) 

34. If 6 men do# of a piece of work in 14 days, how many extra 
men must be engaged in order that the work may be finished in 9 days 
more? (0.8.L.) 

35. Show how to tell in each of the following cases, without working 
the sum, whether the result is right or wrong. Give sufficient explana- 
tion :— 

(a) Of the fractions, 4, 36334, 317% the third is greatest, 

b) The cost of 1291 hats at 13s. 43d. each is £860 16s. 93d. 

tS The simple interest on £1102 for 23 yrs. at 44 per cent is 
£87 19s. 6d. 

(d) 1 = ‘058352. 

(ec) 764321360 is divisible by 8. (P.;) 

36. If the interest on Rs.1368 12as. for 45 days is Rs.5.4:6, what 
is the rate per cent. per annum ? (365 days). (M.U.) 


37. Coals at 32s. a ton are mixed with coke at 24s. a ton in the 
sroportion of 5 tons of coal to 8 tons of coke. Find the money saved 
by using 11 tons of the mixture instead of 12 tons of coal. (8.K.) 
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38. A four-sided field has one square corner, and the two sides that 
form this corner are 36 yds. and 15 yds. long respectively ; each of the 
other two sides is 82} yds. long. Find the area of the field. (x.s.) 


39. A person invests half of £1500 in 3 per cent. consols at 90, and 
the other half in Chilian 6 per cent. bonds at 75. Find his average 
rate of interest ; and if he sells consols at par, and the bonds at 373, 
find the reduction in his capital. (c.s.) 


40. Three trains, 200, 528, and 130 yds. long, are travelling on 
parallel lines at rates of 15, 24, and 30 mi. per hour respectively, the 
first two in the same direction, the third meeting them; the second 
reaches the rear of the first train at the same moment as the third 
reaches its front. Find the interval in time between the moments 
when each of the two trains clears the third. (c.m.) 


— 


41. The wages of one man are 8s. 9d. a day, and of another Qs. 3d. ; 
@ piece of work cost £3 15s. if the first man does it, and £3 7s. 6d. if the 
other does it. What would it cost if they did it together? (0.8.1) 


42. On a rock are three revolving lights; one revolves in 2 min. 
12 sec., another in 3 min. 7 sec., the third in 3 min. 24 sec. Isaw them 
all bright at midnight. When will they next be so? (x.s.) 


43. Find correct to 4 decimal places the value of— 


1 « 1 df 
S123 81. 2.8 eae 


44. A room 24 ft. long, 20 ft. wide, and 14 ft. high is ventilated by 
a rectangular opening 16 in. by 10 in. At what rate per minute must 
the air pass through the opening that one-fifth of the air in the room 
may be changed every hour? (c.w.) 


45. Give rules for rapid mental solution in the following cases: 
(1) Cost for a year at so much per day; (2) any number of things at 
£83 6s. 8d. each ; (3) simple interest at 6} per cent. per annum. (c.m.) 


46. A shilling consists of 3 dwts. 83 grns. of pure silver, together 
with 73 per cent. of its whole weight of alloy. Find the weight of the 
shilling, and the proportion of alloy to silver. (c.s.) 

47. In a race of half a mile, A gives B 40 yds. and C 75 yds. start. 
If their respective speeds be uniform, and as 23 ; 22 ; 21, who will win, 
and by how much? (c.PR.) 


48. A train consists of engine, tender, and eight carriages. The 
weight of the engine and tender equals & of the total weight of the 
train, and is 72 tons less than the weight of the carriages. Find the 
weight of a carriage. (P.T.) 


49. A four-sided field ABCD is right angled at A. AB = 32 yds., 
AD = 24 yds., and BC = CD = 25 yds. Find the area of ABCD. (xs.) 


50. A man invests a certain sum in the ordinary stock of a railway 
at 80, which pays a dividend of 34 per cent. at the end of a year. He 
then sells out at 84, and invests the proceeds in a 5 per cent. stock at 
125, and thus in the second year improves his income by £6 12s. How 
much did he originally invest, assuming that the prices of the stocks 
given above include brokerage, etc.? (c.w.) 


iL 


(C.P.) 


et 


- 
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51. Divide the difference of the squares of 9604 and 1404 by the sum 
of the squares of 98 and 102. (c.PR.) 


52. Sixty-four yards of cloth are sold, part at 5s. a yard, and the 
remainder at 3s. 8d. a yard, the whole bringing in £1412s. How many 
yards were sold at each rate? (s.a.) 


53. Simplify the following fraction :— 
(J+ §) of '—3 , fof ({ — 9) of 
gtiolQ@—§) ” foks— 3 off 

54. Employ an abbreviated method to divide 33°82289 by 66°4684 to 
6 places of decimals (so that the error is less than 00000005. (R.M.a.) 

55. (a) Define fraction, complex fraction, recurring decimal, giving 
an example of each. 

(b) Define ratio, If the first of three numbers be to the second in 
the ratio of 2 to 5, and the second to the third in the ratio of 73 to 11, 
what is the ratio of the first to the third ? 

(c) Define present worth, discount, and explain why £870 divided by 


1:05 will give you the present worth of £870 due twelve months hence 
at 5 per cent. (C.W.S.) 


56. At a cricket match a contractor provided luncheon for 24 and 
fixed the price to gain 123 per cent. on his outlay. Three persons were 
absent. The remaining 21 paid the fixed price, and the contractor lost 
2 rupees. What was the charge? (M.v.) 


57. A sum of money was left to A, B, and C in the proportions of 
7,9, and 5 respectively. A’s share, invested at 5 per cent., brought in 
less than B’s invested at 4 per cent. by 12s. a year. Find the total sum 
left, and the share each received. (C.S.) 


58. A train, going 30 mi. an hour, passes a man walking 3 mi. an 
hour in the same direction in 10 sec.: what is the length of the train ? 
Tf another train, 88 yds. long, going in the opposite direction, meets the 
man and goes by him in 8 sec., at what rate is this train going? (C.8.) 


59. Find the length of the diagonal of a square which contains 


(C.S.L.) 


" 94336 sq. yds. (C.8.) 


60. A man invests two equal sums of money; the one bears interest 
at the rate of 24 per cent. per annum, the other at the rate of 3 per cent. 
per annum. At the end of 53 yrs. he has received £18 7s. 1d. more 
from the latter investment than from the former. Find the sums of 
money invested. (8.K.) 


61. How many sums of £27 2s. 9d. may be taken out of £379 4s. 9d. ? 
If any sum be left, how many children may have sixpence each from 
it? (c.P.) 

62. A company making 6 dols. a ton on 100 tons per working day— 
a dollar being worth 4s. 13d.—earns £36000 a year. How many days’ 
holiday are there in an ordinary year? (8.A.) 


63. A courtyard is 97-29 ft. long and 47°61 ft. broad, and it,is to be 
paved with square tiles of uniform size. What is the size of the larges* 
tile that can be used, and how many tiles will be required? (c.M.) 

G4, Simplify Zt2= AXA 1 y 4, (oR) 

ee oe oe 
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65. Perform the following calculations in writing, but so as to show 
the best way for a mental reckoner :— 
a) £239 18s. 44d. — £229 18s. 53d. 
i The value of 9600 articles at 72d. each. 
(c) 825 x 235°— 325 x 233 + 274 x 94 — 28 x 94, 
(d) 164; — 93. (P.7.) 
66. A, B, and C send 55, 70, and 75 sheep respectively to a field of 
grass, the rent of which is £30. What percentage of the rent should 
each pay? (P.T.) 


67. A and B grind corn. A grinds 10 per cent. more corn than Bin 
an hour, but works for 10 per cent. less time ina day. Will A grind 
more or less corn than B in a day, and by how much per cent.? (K.s.) 


68. Two persons A and B set out on a journey. They walked at the 
rate of 3 miles an hour, and after they had proceeded for three-quarters 
of a mile B returns, walking at the same rate, to the place of starting. 
flere he was detained three-quarters of an hour. Setting out again he 
overtook A, who had been walking all the time, at the end of 23 hours” 
from the second time of starting. At what rate did he walk? (m.v.) 


69. Find the size of each face of a rectangular parallelopipedal box 
whose adjacent edges are 6°857142, 2°571728, and 3:42857i in. (c.s.) 


70. The capital of a trading company consists of 4000 A shares of 
£80 each and 2000 B shares of £25 each. In dividing the profits 5 per 
cent. of the amount of each share is first paid, and then the remainder, 
if any, is divided equally amongst the shareholders. The profits of the 
undertaking in one year were £34853 12s. 63d. How much would be 
paid to the holder of an A share, and how much to the holder of a B 
share? (S.K.) 


71. It has been stated that the entire population of the world could 
stand on the Isle of Wight. Assuming the population to be 1576 
millions, and the area of the island to be 145 sq. mi., calculate approxi- 
mately how many square feet and inches each person would have to 
stand upon. (C.8.L.) 


72. Reduce to the simplest form as a mixed number— 
HY foklf Bj, 1 
Forel 1. tpoheheee ee 
73. Explain what are meant by 8, 4, 34, 34, -34, -34, 3*, $, 3 + 4, 3/4, 
38:4. Prove that 74+ 4 x 64=9'+4 x 44. (s.a,) 


74. If a metre be taken as 40 in., and a cubic centimetre of water 
weighs one gramme, what, stated metrically, is the weight of a cubic 
inch of water? (P.T.) po 


75. Find the present worth of Rs, 545.11.8 due two years hence at 
4 per cent. per annum compound interest. (.U.) 


76. A Paris shopkeeper buys cloth in Yorkshire which costs him, 
when delivered in Paris, 5s. per yard (of length), At what price in 
French money per metre must he sell the cloth in order to gain 8 per 
cent.? (Take a metre = 3-28 ft., and a sovereign = 25 fr.) (c.w.) 


77. A tradesman’s rate of profit is 35 per cent. If he now lowers 
his selling prices 2d. in the shilling, in what proportion must the 


(S.K.) 
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quantity of goods sold increase if his whole profit becomes now 1} of 
what it was before? (C.H.L.) 


78. A man buys goods, and finds that the cost of carriage is 4 per 
cent. on the cost of the goods. He is compelled to sell at a loss of 5 per 
cent. on his total outlay; if, however, he had received £3 5s. more than 
he did, he would have gained 23 per cent. What was the original cost 
of the goods? (C.8., R.M.A.) 


79. Two boats start to row a race at 3 o’clock. The race is over at 
62 min. past 3, the losing boat being 40 yds. behind at the finish. At 
4 min. past 8 this boat was 700 yds. from the winning-post. Find the 
speed of each boat in miles per hour. (C.PR.) 


80. The capital of a spinning company amounts to 15 lakhs of 
rupees, in shares of Rs.50 each, fully paid up. The gross value of the 
goods manufactured in a certain year was 31:25 lakhs of rupees and 
the net profits amounted to 4 per cent. of this. If at the end of the 
year the sum of half a lakh of rupees was placed in the reserve fund 
and the remainder of the profits was distributed among the share- 
holders, find what rate of interest was received by a shareholder who 
at the beginning of the year bought shares at Rs.62.8.0 each. 

(M.U.) 


81. What number, when divided by 598, will give 626 as quotient 
and 367 as remainder? (C.H.L.) 


82. Find the cost of 38 ac. 1 ro. 24 po. at £2 Os. 73d. an acre. (K.S.) 

; 23 of 37)+213 | 62--(84+1}) 

. 88. Find the value of (26 Tae Blank EE gt eS 
xe 155 — 21;— gy 5§— (Ty OF 85) 
84. If a pond an acre in area is covered with ice 6 ft. thick, and a 
cubic foot of ice weighs 928 oz., find the whole weight of the ice in tons. 


If an ice merchant were to buy it at 2s. the cubic yard, and retail it at 
1d. the cubic foot, what profit would he make? (C.S.) 


85. Divide the square of 51 into parts proportional to the quantities 
1:6, 16, and 1:13; also express 13s. 11}d. as the decimal of £3 6s. 8d. 
(c.P.) 


86. From 235 tons of ore from a mine, A, are attainable 12 tons 
10 cwt. of metal, and from 1644 tons from a mine, B, 8 tons 9 ewt. of 
metal. How much higher is the percentage of metal in one case than 
in the other? (P.T.) 


87. A person walked from Cambridge to Newmarket, a distance of 
14 mi., and back in 7 hrs. 830 min. His rate going was to his rate 
returning in the proportion of 8:7. Find the rates. (S.L.C.) 


88. A person invests a sum of money in the 4 per cents. at 102. 
When they have risen to 104 he transfers Rs.6000 stock to another 
investment paying 5 per cent. of which the shares are at 120. When the 
4 per cents, fall to par he transfers the remainder of the 5 per cents. 
which are still at the same price, and now finds his income Rs.25 more 
per annum than it was at first. What was the sum originally 
invested? (mM.U.) 


89. A wholesale dealer sells to a retail dealer at 10 per cent. profit, 
and the retailer to the consumer at 50 per cent. profit. What proportion 
of the price paid by the consumer is profit? (P.1., C.W.) 


(o. and C.H.C.) 
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90. A person dies worth £31000, leaving his property to his son, his 
widow, and a cousin, so that the legacy, after payment of duty, to the 
son shall be twice that to his widow, and 20 times that to the cousin. 
How much does he leave to each, the duty payable by a son being 1 per 
cent. on the gross legacy, that by a cousin 10 per cent., while the legacy 
to the widow is duty free? (u..) 


91. Ice is manufactured for 23 pies per lb. and sold at 6 pies per lb. 
Of the total quantity made one-half is kept for sale at the factory, and 
the remainder sent to branch shops. The loss from melting is 122 per 
cent. in the case of the former, and 25 per cent. in the case of the latter, 
and the agents at the branch shops receive commission at the rate of 
15 per cent. on the price of every pound sold by them. Find the profit 
on every ton of ice manufactured. (m.v.) 


92. What is the L.C.M. of two numbers? Find the least sum of 
money that can be exactly distributed either in half-crowns or half- 
guineas. (P.E.A.) 


93. Simplify and express as a decimal— 
1 1 1 AS 
(+54) * (t+ioey) - C-—y)- wy) 
Sa PE RPI ET I IIE 


(1 T wea) z (1 a io) (P.T.) 


94. A section of a stream is 10 ft. wide and 10 in. deep; the mean 
flow of the water through the section is 3 mi. an hour. Taking 25 gals. 
to equal 4 cub. ft., find how many gallons of water flow through the 
section in 24 hrs. (s.K.) 


95. Show that (3009)? + (4012)? = (5015). (e.p.) 


96. When French 33 per cents. are sold at 102 fr? 55 c., and English 
2? per cents. at 1097, compare the rates of interest obtained by investments 
- in France and England. (1 fr.=100c.) (c.w.) 


97. Of two square fields one contains 10 ac., while the other is 
broader by 1 per cent. Find the difference in area, expressed in yards, 
feet, and decimals of a foot. (c.w.) | 


98. A man on the point of bankruptcy sees that he will be able to 
pay his creditors 9s.6d.inthe£. What are his liabilities if an immediate 
gift of £16000 stock in the 33 per cents. at 110} would just save him from 
bankruptcy? («.S8.) 


99. How many pages of a magazine will a manuscript occupy which 
has 123 pages, each of 28 lines, with 7 words per line on an average, 
while a page of the magazine has 46 lines, with 10 words per line on an 
average? (S.L.C.) 


100. In a certain year 2°5 per cent. of the articles given out for 
delivery from post-offices in the Presidency of Madras were returned 
undelivered. Next year there was an increase of 7:5 per cent. in the 
number of articles given out for delivery and an increase of 10:5 per 
cent. in“the number of articles returned undelivered. If in this year 
the number of such articles was 1,957,176, find how many articles were 
given out for delivery in each year. (m.v.) 
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101. Multiply seven hundred and eighty-three millions twenty-four 
shousand and nine by eight hundred and seven. (C.4J.) 
, , | 102. Simplify the expression— 
v% ~ — 8 of } _, 2 Of 5 of 3 of 5 505 
Stats —-GaH-p* yy 
_ 108. If 2:64 tons of water flow out of a pipe in 3 hrs. 47 min. 42 sec., 
in what time does 1 ton flow out, assuming that the water flows out ata 
uniform rate 2 (¢.P.) 


104. If a kilogramme be equal to 2:205 lbs., and a metre be 39°37 in., 
find the number of ounces in the mass of a cubic foot of water, it being 
given that the mass of a cubic centimetre of water is one gramme. (C.PR.) 


105. What is the height of a steeple whose shadow was 112 ft. at the 
same time that a pole 6 ft. 4 in. long cast a shadow of 5 ft.4 in? (P.1.) 


106. A person A sets out from a place P to walk to a place Q. A 
~“quarter of an hour later a second person B sets out from P to walk to Q, 
pat after walking half a mile returns to P, where he is detained 10 
minutes. Again setting out from P he reaches Q 5 minutes after A. 
If A walks throughout at the rate of 8 miles an hour and B at the rate 
of 4 miles an hour, find the distance between P and Q. (M.U.) 


107. A contractor, having engaged to make a railway 583 mi. long 
in 40 wks., employed 2160 men upon the work. At the end of 13 wks. 
194 mi. were finished. How many men had he then to pay off so that 
the work might not be completed before the stipulated time? (K.8.8.) 


108. If the average cost of 20 oxen was £15 19s. 6d., and 8 of them 
cost £15 each, what was the average cost of the remainder ? (P.t.) 


109. If the earth be a globe of 7920 mi. diameter, and the ocean 
having a mean depth of 4 mi. cover 3 of the surface of the globe, what is 


the approximate ratio of the volume of the ocean to that of the oe 
(C.8. 


110. Ina certain year the total number of passengers carried on a 
railway was 12,979,200, and the receipts from the passenger traffic 
amounted to 45 lakhs of rupees. Of this sum 16 per cent. was con- 
tributed by first class passengers, 4 per cent. by second, and the re- 
mainder by third. If the fares for first, second, and third class pas- 
sengers were 12 pies, 4 pies, and 1? pies per mile respectively, while the 
average distance travelled by each first class passenger was 60 miles, and 
the average distance travelled by each second class passenger was 40 
miles, find what was the average distance travelled by each third class 


passenger. (M.U.) 


name resrerer 

111. A merchant bought 112 lbs. tea at Rs.4 per lb. and 1120 lbs. 
at Rs. per lb. If he mixes them together, what price must he put on 
a lb. of the mixture so that after allowing a discount of 5 per cent. for 
ready payment he may make a profit of 12 per cent. (to the nearest 
pie?) (M.U.) . 

112. If the gold in circulation amounts to 120 millions of sovereigns, 
and of these 25 in every 100 have lost 4, of their weight, while 10 more 
in every 100 have lost 4, of their weight, what would be the loss to the 
Mint if it recalled all light gold and issued full-weight sovereigns 


instead ? (C.H.L-) 
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113. A rectangular sheet of metal, initially 7-9 ft. long and 5:3 ft. 
wide, became when expanded 7°93 ft. long and 5:32 ft. wide. Express 
the difference between the initial and final areas of the sheet asa decimal 
of the initial area, correct to 6 places of decimals. (c.P.) 


114. Express as a circulator the sum of 4848 and 4554. (c.z.) 


115. A sum of money is made up of rupees, half-rupees, quarter- 
rupees, and two-anna pieces. The number of rupees is ten times the 
number of half-rupees, six times the number of quarter-rupees, and 
eight times the number of two-anna pieces; and the value of the rupees 
exceeds the value of all the other coins by Rs.428:8:0. What is the 
sum? (M.U.) 


116. If11 coins, each J, in. thick, weigh 2 oz. 17 dwt. 7 grns., find the 
weight of 18 similar coins, each x, in. thick. (0.3.) 


117. The difference between the compound and the simple interest on ~ 
a certain sum for three years at 5 per cent. per annum is Rs.205 14 as. 
Find the sum. (M.U.) 


118. A hollow closed cubical box is made of iron, and is 2 in. thick, 
the external edge being 4 ft. long. It being given that iron weighs 
7-112 times as much as water, and that a cubic foot of water weighs 
1000 oz., find in tons the weight of the box. (u.m.) 


119. If 50 qrs. of wheat are sold at 77s. 8d. per quarter, and 100 ars. 
at 78s. 3d. per quarter, what is the average price per bushel? (P.t.) 


120. A tradesman’s stock-in-trade is valued on Jan. 1, 1898, at 
£8000; he has also £350 in cash, and owes £1870. During the year his 
personal expenses, £300, are paid out of the proceeds of his business, and 
on Jan. 1,1899, his stock is valued at £7950, he has £570 in cash, and 
owes £1510. What is the whole profit on the year’s transactions after 
deducting 5 per cent. interest on the capital with which he began the 
year? (C.8.) 


121. If 2864 bricks are used per yard to build a tunnel which is 
5926 yds. long, and 2345 bricks per yard to build another tunnel which 
is 6014 yds. long, state 7 words how many bricks are used for each 
tunnel, and how many more are used for the one tunnel than for the 
other. (c.w.) 


122. A, B, C start on a journey, having £9, £7 10s., $5 10s. respec- 
tively with them. At the end it is found that A has left 10s., B £5, 
C £1 15s. For expenses common to B and C only, B has paid £1 10s. ; 
for private expenses A has paid £1, B 10s.,C £1; all other payments 
have been made to defray expenses in common. How should they 
divide the money which remains over? (C.8.) 


123. Reduce to its simplest form— 
1007, — 915? . 33 + 63 of lh (ex) 
O77 + 21 17, of O52 + aay 
124. A square lawn is bordered by a path 4 ft. 6 in. wide, the path 
and lawn together occupying ; ac. Find the cost of paving the path 
with bricks at 7s. 6d. per square yard. (¢.PR.) 


125. If a farmer pay a rent of £100 19s. 103d. for a farm of 53 ac. 
2 ro. 20 po., and his landlord remit one quarter of the rent, what does 
the farmer then pay per acre? (K.S.) 
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126. If the rate at which a vessel moves is proportional both to the 
total area of sails set and to the velocity of the wind, and if it travels 
8 knots an hour with a wind of 15 mi. an hour and 400 sq. ft. of sails 
set, how many knots an hour will it travel if the wind freshens to 20 mi. 
an hour, and 50 sq. ft. of canvas be taken in? (P.z.A.) 


_ 127. If gold weighs 19:3 times as much as water, and copper 8°89 
times as much, find how many times heavier than water is a coin 
which contains 11 parts of gold and 1 of copper. (c.M.) 


128. The average daily number of persons passing a certain point on 
Sunday, Monday, Friday, and Saturday is 1765. The average daily 
number passing on Tuesday, Wednesday, and Thursday is 1541. What 
is the daily average for the whole week? (C.8.) 


129. A bicycle manufacturer prints in his lists a price which would 
give him a profit of 60 per cent. on the cost of manufacture, and then 
allows for ‘‘cash down” a discount of 22 per cent. off the list price. 
What profit per cent. does he actually make? (c.J.) 


180. Extract the square root of 0°08450649, and of 81:13183159704101 
(to 7 places of decimals). 


181. The income of a family is £300 a year. They remain at home 
all the year, except that they take a holiday at the seaside. Rent, rates, 
and taxes are £55 9s. ; clothing costs £44 11s. a year, and travelling to 
and from the seaside costs £6. Other expenses are: at home, £2 10s. a 
week ; from home, £6 10s. a week. How long is their holiday if £40 is 
saved in the year? A year = 52 wks. (C.w.) 


132. What will be the cost (to the nearest penny) of 15 tons 15 cwt. 
3 qrs. 16 lbs. of goods at £14 3s. 6d. per cwt.? (C.P.) 
133. Simplify the expression— 


a 1 1 1 
Ts Salers eae DS Tie Oe ey ee en es Perea 
| 16(5 XB BX 7) pee (oF) 
134. Find the true discount on a bill of Rs.1481 5as. 4p. due 
8 months hence at 6 per cent. per annum. 


135. A man swam across a lake 3 mi. wide in 2? hrs. If he made 
a stroke with his arms every other second, find how many inches he 
travelled between each stroke. (0.8.L.) 

136. If a man walks 252 mi. at the rate of 34 mi. per hour for 8 hrs. 
a day, find how many hours a day another man must walk, at the rate 
of 44 mi. an hour, in order to walk 243 mi. in the same time. (C.M.) 


137. 355:27 oz. Troy is the weight of 85 cub. in. of gold, of which 
the 9.G. is 19:258. Find the weight of 49 cub. in. of silver, of which the 
3.G. is 10-474 (to 4 places of decimals). (¥.7-) 

138. A train travels at the rate of 40 mi. an hour for 10 min.; and 
then at 45 mi. an hour for 15 min. What is the average rate per hour 
for the whole time? (P.T.) 

189. A silk mercer buys 2000 yds. of silk at 6s. 74d. per yard; he 
sells two-thirds of it at 7s. 5d. per yard, and the remainder at 6s. 103d. 
per yard. How much per cent. does he gain? (1.1) 


140. Determine (in yards) the sides of a square, the contents of 
which are 18352656 sq. in. 


488 ARITHMETIC 


141. Two cog-wheels, one with 15 teeth, the other with 28 teeth, 
work together. If the former turns round 16 times in 73 sec., how many 
times will the latter turn round in 21 sec.? (c.P.) 


142. Find the value of a mass of pure gold weighing 5 Ibs. 10 oz. 
12 dwt. 18 grs. at £4 5s. per ounce. (C¢.H.1.) 


148. A contractor undertakes to do a piece of work in 38 days. By 
employing 60 men on it, he does? of itin 22 days. How many additional 
men must he employ to finish it in time? (n.m.) 


144. A rectangular vessel, 3-4 m. long and 2°6 m. wide, contained 
wine 7 dcem.deep. If as many casks as possible, each capable of holding 
3 H1., were filled from the vessel, how many casks were there? and what, 
to the nearest millimetre, was the depth of the wine left in the vessel ? 
(A litre = a cubic decimetre, and a hectolitre is 100 litres.) (c.P.) 


145. In the year 1891 the cost of rice for a family of 2 adults and 
4 children was Rs.86:7;9. In that year rice sold at 11:2 seers per 
rupee, and each child received two-fifths of the amount given to an 
adult. Assuming that in 1898 the price of rice will be 13:5 seers per 
rupee, what will be the cost of rice for the same family from J anuary 5 
to August 11, both days inclusive, if the allowance of each adult be 
increased by one-fourth and the allowance of each child be three- 
sevenths of that of an adult? (.v.) 


146. When the price of wheat was 45s. 2d. per quarter, and the yield 
4 qrs. per acre, the produce of a certain piece of land was worth 
£153 11s. 4d. What must the yield be per acre if the produce of the 
same land is worth £157 5s. when the price of wheat is 30s. 10d. per 
quarter ? (C.s.) 


147. The external length, breadth, and height of a rectangular 
wooden closed box are 18 in., 10 in., and 6 in. respectively, and the 
thickness of the wood is } in. When the box is empty it weighs 15 lbs., 
and when filled with sand 100 lbs. Compare the weight of equal bulk 
of wood and sand. (c.s.) 


148. Of 100 men, 87 earn 8s: 10d. per day, 40 earn 8s. 6d. per day. 
What should be the daily pay of the remainder that the average weekly 
pay of the whole, at 53 days to the week, should be £1 2s. ? (v.7.) 


149. A builder sold a house for £945, thereby gaining 8 per cent. on 
his outlay. What did it cost him to build it? If the purchaser let 
the house at £70 a year, find how much per cent. per annum he makes 
on the purchase money. (s.k.) 


150. The capital of a Railway Company amounts to Rs.18,90,00,000 
of which one-fourth is 5 per cent. prefereace stock, and one-third 
43 per cent. preference stock. In a certain year the receipts are 
&s.1,81,50,000, and the expenses amount to 55 per cent. of the receipts. 
Of the net receipts Rs.5,40,000 are added to the reserve fund, and the 
remainder, after paying dividend on the preference stock, is divided 
among the ordinary shareholders. What rate of interest will they 
receive? (M.U.) 
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EXERCISH LXxX. 


Miscellaneous Hxamples. 


‘1. There is a certain whole number consisting of six digits, and 
having 7in the units’ place. If the digit to the extreme left be removed 
to the immediate right of the units’ place, the new number is three 
times the original number.. Find the number. (C.s.) 


2. In the multiplication sum given below, the multiplier, multipli- 
cand, and one row of figures in the working have been obliterated. 
(None of these contain a decimal quantity.) Complete the sum in all 
possible ways, explaining why more than one solution can be obtained :— 


eerveee 


1661490 


19107135 (c.s.) 
3. Calculate, to 7 places of decimals, the difference between Vt and 
fy + 935: (UM) 

4, On one day as many hundreds of oranges could be bought for 
half a sovereign as dozens could be bought fora shilling on the previous 
day. A woman bought 75 on each day, and paid altogether for them 
5s. Gd. How many oranges could be bought for sixpence on the first 
day? (C.P.) 

5. In what time will Rs.3546 amount to Rs.7683 at 3} per cent. 
simple interest? (M.U.) 


6. A rectangular courtyard is 50 yds. long and 30 yds. broad. It 
has paths joining the middle points of the opposite sides of 6 ft. in 
breadth, and also paths of the same breadth running all round it. The 
remainder is covered with grass. If the cost of the pavement be Is. 8d. 
per sq. ft. and the turf 3s. per sq. yd., find the cost of laying out the 
court. (M.U.) 


7. Two casks, A and B, contain 8 and 8 gals. of wine, worth 18s. and 
15s. per gallon respectively. One gallon is taken from A and put into 
B, and then one gallon is taken from B and put into A. Find the 
worth per gallon of the wine now in each cask. (c.M.) 


8. (i.) Pepys says that out of £750000 coined by the Commonwealth, 
£100000 had disappeared from circulation in 12 yrs., and calculates that 
at the same rate, out of £10000000 coined by Charles I., £3888880 and 
odd pounds would have disappeared in 36 yrs. Assuming, as Pepys did, 
that the sum is one of compound proportion, find the exact sum that 
would have disappeared. (ii.) Point out the mistake in Pepys’ method, 
and calculate by a more correct method what number of coins will have 
disappeared at the same rate in 36 yrs. (C.P-) 

9. Two penny papers, A and B, are each issued 6 times a weck, and 
have each a circulation of 200000 copies. A decimal coinage is intro- 
duced, which retains the pound and the florin, but divides the florin 
into 10 cents and the cent into 10 mils. A now adopts the retail price 
nearest in value toa penny, B the nearest but one. Find (1) the whole 
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loss or gain in 52 wks. to the 200000 purchasers of A; (2) the same to 
the 200000 purchasers of B; (3) the total net loss or gain per cent. to 
a newsagent who purchases, as before, equal quantities of A and B at 
the rate of 12 papers for the retail price of 10, and sells all his papers 
and just as many of each as before. (C.M.) 


10. A piece of copper weighing 3 lbs. 2 oz. is dropped gently into a 
vessel full of water. Find (correct to ;}, cub. in.) the volume of water 
displaced, assuming 1 cub. ft. of water weighs 1000 oz., and that copper 
is 8:915 times heavier than water. (P.E.A.) 


11. One day a country postman went half his round at the rate of 
8 mi. per hour, and the other half at the rate of 4 mi. per hour, and 
was 10 min. late. On the next day he went half his round at the rate 
of 31 mi. per hour, and the other half at the rate of 4} mi. per hour, 
and took 12 min. less than the allotted time. How far had he to go, 
and what time was he allowed? (c.P.) 


12. Calculate to 4 places of decimals the value of , / : zs =, where 
g = °2375. (u.M.) é 


18. Find to 4 places of decimals the value of 2/3—3+/13+4/97. 
(C.s.) 


14. A contractor agrees to bore an artesian well at the rate of Is. 
per foot depth for the first 40 ft., 1s. 2d. per foot for the next 40 ft., and 
so on, increasing his charge 2d. each 40 ft. He receives £20 altogether. 
Find the depth of the bore. How much would he have received if he 
had contracted to bore it at the uniform rate of 1s. 6d. per foot ? What 
would have been the depth if either contract would have brought him 
in the same amount? (C.H.L.) 


15. A man buys a bicycle. When he has ridden a certain distance, 
he reckons that it has cost him 23d. a mile ; he rides 252 miles further, 
and finds that it has cost 2d. a mile. How much further must he ride 
to reduce the cost to 14d. per mile? (S.A.) 


16. A gallon of spirit valued at 24s. weighs } less than a gallon of 
water. Water is now added to the spirit till a gallon of the mixture 
weighs ;; more than a gallon of the spirit. What is the value of this 
mixture per gallon? (c.s.) 


17. Reduce the following fractions to the forms of decimals true 
to 8 places :— | 


fh X 2515 og V54V 10 
4, x “4 ‘067 
18. The area of one square is 5 per cent. greater than that of another. 
What two numbers, each less than 100, will most nearly represent the 
ratio of the sides of the two squares? (c.P.) 


19. Two steamers travel between two ports by the same route, one in 
ten days, the other in five. The cost of coals per voyage varies as the 
square of the speed, and the general expenses as the duration of the 
voyage. If on the faster voyage the expenditure for coals exceeds that 
on the slower by £1000, and the general expenses on the slower voyage 
exceed those on the faster by £250, find the cost of running the vessels 
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per annum, the faster vessel making forty voyages, and the slower 
twenty. (C.S.L.) ® 


20. Two watches, one of which gained at the rate of 1 m. 546s. and 
the other lost at the rate of 1m. 55°8s. daily, were set correctly at noon 
on the ist January, 1896. When did the watches next indicate the 
same time, and what time did each then indicate? (M.U.) 


21. Two men, A and B, begin at the same time to run opposite ways 
once round a circular course, starting from the same point. From the 
moment at which they first meet, A takes 60 sec. to finish the round, 
B 84 sec. But whereas A ran at a uniform rate the whole way, B 
mended his pace in the ratio of 4: 8 from the moment at which they 
first met. Find the time each takes to run the whole course. (C.S.) 


1 ut 
22. C te the value of —~=— ——— correct to 2 places 
(a) Compute the value o S50) Sem ee place 
of decimals. 
(b) Compute the sum of the infinite series of terms— 


et 1 1 
Coto ti teeeee 9.4 °° 


to 6 places of decimals. (LM.) 

23. A merchant buys a quantity of tea at an average rate of 12as. 
6p. per lb. He assorts the tea into three kinds, which he sells at 
Re.1:2:0, 14as., and Yas. per lb. respectively. If in the process of 
assortment 24 per cent. of the tea is lost, and if of what remains 36 per 
cent. is of the dearest kind and 24 per cent. of the cheapest, find the 
merchant’s gain per cent. on the transaction. (M.U.) 


24. Calculate the value of— : 


a ete 
Bee Tox 8 ix dKeM aU LX OXB8X4K5 bee 


correctly to 9 places of decimals, the series being unending. (C.8.) 


25. Assuming that the areas of circles are proportional to the squares 
of their radii, compare the areas traced out by the short and long hands 
of a clock in half an hour, the long hand being three times the length 
of the short hand. (c.M.) 

26. The breadth of a room is half as much again as its height, and 
it costs 10 guins. to paint its walls at 23d. per square foot. What are its 
dimensions? (s.A.) 

27. The railway between two stations, A and B, ascends at a gradient 
of 1 in 275 from A to a place O, distant 16} mi. from A, and then descends 
at a gradient of 1 in 165 from C to B. If the station at B is 28 ft. lower 
than that at A, find the distance from A to B. (C.8.L.) 


28. Express the atmospheric pressure of 14 lbs. per square inch, in 


grammes per square centimetre, taking 1 cm. = ?in., and 1lkg. = (bi ae 
C.8. 


29. An estate duty of 5 per cent. is charged on estates whose value 
ig between £60000 and £75000, and a duty of 4} per cent. on estates 
whose value is between £25000 and £50000. It was found that after 
payment of estate duty on two estates, each of which was an exact 


1 
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number of pounds, and one of which was over £50000 and the other under 
£50000, equalgums were left. What was the value of each of the two 
estates on which the duty was paid? (c.H.L.) 


(78) x (00004) 
30. Calculate the value of eA (O13) x (OIE) * (L.M.) 

31. A room is } as wide and } as high as it is long, and 4 of the wall- 
space is occupied by windows and fireplace. The rest of the walls and 
the ceiling are painted at a cost per square foot which is } of the cost 
per square foot of carpeting the floor with carpet 2 ft. 3 in. wide, costing 
3s. 43d. per yard. The whole cost of carpeting and painting is £52 13s, 
Find the length of the room. (c.s.) 

32..Find the value of— 

3 nee . 1 
10% AE NL tS Seas +1). (R.M.a.) 
18 x /1—§+/243 9% 
38 +4 

33. Write down neatly, in a table, the powers of 2 up to the 30th 

power. By means of this table perform the following operations :— 
(i.) 82768 x 16384. (iii.) (1°28)*. ; 
(ii.) 268435456 + -50524288. (c.s.) 

34. In a plantation of ash saplings of the same age, each sapling is. 
allowed a space of 10 sq. yds. after five years’ growth. It is then worth 
1s. 6d., and increases in value by 1s. 6d. each year. At the end of each 
year afterwards a certain number of saplings are cut down and sold, so 
that upon the average each tree has a further space of 2 sq. yds. for every 
additional year of growth. What is the largest amount per acre realized 
in any one year by the sale of the wood, after deducting one-fifth of the 
gross receipts for expenses? (c.S.) 


35. A merchant in Madras owes 12,270 marks to a merchant in 
Hamburg. If exchange on Hamburg is at the rate of 1:32 marks per 
rupee, while exchange on London is at the rate of 1s. 82d. per rupee, and 
the exchange between London and Hamburg is 20-45 marks per pound 
sterling, find to the nearest pie, how much the merchant will gain by 
remitting through London instead of direct. (m.v.) 


36. Calculate to 2 places of decimals the value of— 


il 
VT + i 


JT + 


1 
JT + Jt (L.M.) 


37. A district, which is in shape a square of 10 mi. side, has been 
partly mapped toa scale of 6 in. to the mile, and partly to a scale of 
4in. tothe mile. The area of these two portions together is 2500 sq. in. 
What area has been mapped to each scale? (c.8.) 

o8. Work out in a thoroughly neat form the value of — 
ae 
eee Tixaxsx4xd* \i0 

1 a \? 
x (3) +, ete. 


1x2x8xK4x5x6x7 
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correctly to 3 places of decimals, m being 3°14159265. (The working may 
be contracted as much as is thought fit.) (C.s.) 


: 3 6 21 . 

Geyer Oa Oh: 88S Fe Sts Ces 
Q+ I+) 

and that these fractions are alternately less and greater than unity, and 


that they continually approach that value. Find one of these fractions 
that differs from unity by less than ‘00001. (C.s.) 


40. The number of vibrations of air to produce a certain sound being 
660 per second, and the number of vibrations of either for a certain light 
being 4 x 10"! per second, calculate (roughly) the number of centuries 
this sound must continue in order to execute as many vibrations as the 
light in one second. (S.A.) 


41. In the ten years from 1871 to 1881 the population of a country 
increased at the rate of 9°5 per cent. and in the ten years from 1881 to 
1891 the rate of increase was 10°5 per cent. If the population in 1891 
was 31,028,759, find what it was in 1871. (m.v.) 


42. A square field has a shrub border 11 yds. wide running.along 
all four sides, within the boundary of the field ; this border contains 1 ac. 
Find the area of the field. (c.s.) 


43. How much fresh water, to the nearest pint, must be added to 
50 gals. of sulphuric acid that the liquid may weigh as much as an equal 
quantity of salt water? (The specific gravity of fresh water being 1, 
that of salt water 1:0263, and of sulphuric acid 1:85.) (¢.8.) 


44, If 13 men working 6 days, 8 women working 5 days, and 5 boys 
working 4 days, earn between them £13 15s., and the wages per day of 
a man, a woman, and a boy are as 5:3: 2, what sum is each of them 
entitled to? (c.s.) 


45. Find value correct to 2 places of decimals— 
A 1 Ai 1 
At sa tixax3 tixndx8xt IxFxsxixs 
1 
FIxax38xix5x6’ Gay 


46. In a certain year the number of males who can read and write 
exceeds the number of females who can do so by 2,459,600. If the total 
female population is to the total male population as 1025 to 1000, and 
if 15 out of every 100 males and 1 out of every 100 females can read and 
write, find the total population of the country. (M.U.) 


47. A metre is 39'37079 in., and a seconds’ pendulum 89:1593 in. 
Find how many miles there are in the least exact number of yards that 
ig an exact number of metres and also an exact number of seconds’ 
pendulums. (S.A.) 


A8. Two vessels holding 40 gals. each are both full, the one of two 
parts of wine mixed with three parts of water, the other of wine and 
water mixed ina different ratio. One-fourth of the liquid in each vessel 
ig then transferred to the other. The contents of each vessel having 
been well mixed, one-third of each is again transferred to the other, 
after which it is found that there are 1} more gallons of water than of 


® 


89. Prove that the values of 
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wine in the first vessel. What was the original mixture in the second 
vessel?  (C.8.) 


49. Find the value of the series . : 


1 
BBY 
places of decimals. [5 =1x2x3x4-x5, |4=1x2x8-x 4, and so 
Gn; 7 (1.3-) a a 


50. The capacities of three vessels, A, B, and C, are 2 gals., 3 gals., 
and 5 gals. respectively. A is empty, B is filled with wine, C with 
water. The following operation is performed three times: A is filled 
from B, B is replenished from C, and A is then emptied into C. How 
much wine and how much water are in B and C respectively at the 
end ? = (C.P.) 


Ol. Under the old tariff a telegram of 20 words, exclusive of the 
names and addresses of the sender and recipient, could be sent for Is., 
and for each 5 words or fewer beyond 20 the charge was 8d. Under the 
new tariff the charge for each word, inclusive of names and addresses, 
is 3d. A certain telegram would have cost 15d. under either tariff, but 
if 9 words had been added to the body of the telegram (the addresses 
remaining the same) the cost under the new tariff would have been 12d. 
greater than under the old. Find, bya clear process of reasoning, what 
was the number of words in the body of the telegram. (c.s.) 


52. Two trains run in opposite directions with equal speeds round a 
circle, which they traverse in 70 min. Ten minutes after a meeting of 
the trains, the steam-pressure in one falls so that half its speed is lost. 
When and where does the next meeting occur ?- (0. and ¢.H.c.) © 


53. Ona circular railway connecting three towns, A, B, C, two trains 
are constantly running in opposite directions. Every four hours they 
leave A simultaneously, and, travelling uniformly at the same rate, cover 
the distances A-B and B-C in 65 min. and 75 min. respectively. If the 
trains pass at a point which divides the distance from B to C in the ratio 
of 7 ; 5, and stop the same time at each station, determine what this time 
must be, and also the time occupied in traversing the distance between 
Cand A. (c.8.) 


54. The diameters of four spheres are to one another as 8°75 3 5 : 6:25 
: 7:5; and the volumes of spheres vary as the cubes of their diameters. 
Prove that the greatest of these four spheres is equal to the other three 
together. (C.8.) : 


+ 
— Bs +, etc., to seven 


aa) 
ee ce a 

56. The cyclometer of a bicycle wheel 28 in. in diameter registers 
373 mi. in a distance of 8 mi. If the error is due to the tyre not being 


pumped up tight, find how much the diameter falls short of 28 in. 
(s..) 


o7. Four candles of different diameters are arranged in sockets at 
different levels, and are lighted together; but when 1 in. of the longest 
candle has burned away, the flames are seen to be precisely on a level. 
One candle is 7 in. long above the socket, and would be consumed in 
3 hrs. ; the rest in succession are 64, 6, and 53 in. long, and would burn 
away respectively in 83, 4,and 44 hrs. What are the differences of level 
between the sockets? (c.8.) 


55. Simplify is( 
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58. Find what sum will amount to Rs.7364 10 as. 9p. in two years 
at 34 per cent. per annum, compound interest. (M.U.) 


59. A rectangular column of stone of square section is to be worked 
down to a cylindrical shape. If the final diameter be less than the side 
of the square by 4, part, find by what fraction the weight of the column 
will be reduced. (The area of a circle is ‘7854 of that of a circumscribed 
square.) Also calculate the loss of weight to the nearest ounce, if the 
original weight be 24 tons. (L.M.) 


60. A cart-wheel 4 ft. 6 in. in diameter rolls, without slipping, 
through half a revolution. Find the horizontal distances traversed by 
the centre of the wheel and by the two points of the rim upon a horizontal 
diameter at the time when the wheel was set rolling. (The circumference 
of a wheel is % times the diameter.) Is there anything noticeable about 
the ratios of these distances? (C.S.) 


61. The number of seconds in the beat of a pendulum may be 
obtained approximately by multiplying by °55368 the square root of its 
length expressed in feet. Find, correct to ij in., the length of a 
pendulum whose beat is 1 sec. (P.B.A.) 


62. A piece of gold of unknown fineness is mixed with double its 
weight of standard gold (22 carat), and to this mixture is added 1 lb. of 
copper, the result being 18-carat gold. Had 9 lbs. of copper been added, 
instead of 1 lb., the result would have been 10-carat gold. What were 
the weight and fineness of the first-mentioned piece of gold? (N.B.— 
Standard gold contains 22 parts, by weight, of pure gold and 2 parts of 
copper; the fineness of gold is denoted (in carats) by the number of 
parts of pure gold out of 24.) (c.8.) 


63. Calculate to 2 significant figures the number of square yards in 
a rectangular area 87 mi. long and 63 mi. wide. Write your result in 
words. (S.A.) 


64. If the volume of a right cylinder is obtained by multiplying its 
height by 3) times the square of the radius of its circular end, find 
(using duodecimal notation) how many cylinders of copper, each 67; in. 
long and 24 in. in diameter, are equal in value to 5 cubes of iron, each 
of whose sides ig 2 ft. 9 in. long, 1 cub. ft. of copper being worth 93 cub. 
ft. of iron. (C.S.) 


65. Two fog signals are placed on a railway at distances of 1 mi. and 
14 mi. from a station, and are exploded by a train coming at a uniform 
speed towards the station. If the second report is heard at the station 
1 min. after the first, in how long a time after that will the train pass, 
and at what rate is the train moving, sound being assumed to travel at 
the rate of 1125 ft. per second? (C.P.) 


66. Find in inches and the decimal of an inch the length at 60° Fahr. 
of a column of mercury which at 32° is °76 metre in length, supposing 
the cross-section of the column to be invariable, and mercury to expand 
-00018 of its bulk for each degree Centigrade ; a metre being 39°37079 in., 
and 5° Cent. = 9° Fahr. (C.8.) 

67. A cubic centimetre of water weighs a gramme, a metre is 
equal to 39°3708 inches, and 1 lb. is equal to 4536 kilogram. Wind 

ow many cubic feet of water weigh a ton. 
(1 metre = 100 centimetres ; 1 kilogram = 1000 grammes.) (M.U.) 
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68. Out of a circular disc of metal 35 equal circular holes are 
punched. The weight of the metal thus punched out is to the weight 
of the perforated disc as 45 ; 67. Compare the diameters of the disc 
and of the holes. (The area of a circle varies as the square of the 
diameter.) (c.s.) 


69. A man left a valley at 3 a.m. to climb toa mountain-top 5400 ft. 
above him, and to return by the same way. The way up consisted of 
three parts, (1) wood, (2) grass, (3) rock, their respective heights being 
1500, 2700, 1200 ft. Exclusive of halts, the man’s rates, in feet of height 
(or depth) per hour were thus: in the wood 1500 up, 3000 down ; on the 
grass 1000 up, 1800 down; on the rock 500 (whether up or down). He 
rested, in all, 13 hr. At what hour did he regain the valley? (c.w.) 


70. A wood is 3 fur. 8 ch. long by 2 fur. 8 ch. wide ; the trees are in 
squares 5 ft. apart and 60 ft. high on the average. What fraction of 
the wood must be cut down to make a fence that requires 5 times as 
many trees as placed end to end would go round the wood ? (S.A.) 


71. The area of a side of a cubical cistern is 121 ft.; it is furnished 
with 3 taps, one of which could fill the cistern in 10 min., the second 
could fill it in 12 min., and the third could empty it in 15 min. Tf all 
three be opened, the cistern being empty, find the weight of the water 
in the cistern at the end of 5 min. (1 cub. ft. = 1000 oz.) (c.s.) 


72. A sub-contractor, who is unable to employ more than 9 hands, 
has undertaken to finish a piece of work by a given time. If he 
employed 6 men and 3 women, he could get the work done 5 days 
sooner than is necessary at a total cost of £52 10s.; if he employed 
2 men and 7 women, the cost would only be £46 4s., but they would 
take 2 days too long over the work. Assuming that a man does half 
as much work again per day as a woman, what is the least sum for 
which the contractor can get the work done within the given time? 

(0.S.L.) 


78. 320 people dine together 4 days a week, but on the remaining 
3 days some are absent. The consumption of food is thus reduced, for 
the whole week, in the ratio of 109 to 112. Find the number of 
absentees. (M.U.) 


74. The following rule for finding the distance of the horizon is 
very nearly correct: Take the number of feet in the height of the 
station above the level of the sea, and increase it by half that number ; 
the square root of this quantity will give the distance of the horizon in 
miles. Hence find to one place of decimals the distance of the horizon 
from the top of Kanchengjunga, whose height is 28156 ft. Find also 
the height of another mountain 350 mi. from Kanchengjunga, in order 
that its top may be just visible from that of the latter. (c.M.) 


75. Express (+i)? as a repeating decimal. (c.8.) 


76. 50 men, 100 women, and 150 children, working for a certain 
time on a tank-bund, earn together Rs.1,181:4:0. If the wages 
of a man, a woman and a child be 4as., 2as. 6p., and las. 6p. per day 
respectively, find how much is earned on the whole by each man, 
woman and child. (m.v.) 3 


77. A pyramid on a square base, with altitude equal to § of a side 
of the base, is of equal volume with a cube whose surface is 600 sq. ft. 
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Find the area of the whole surface of the pyramid. (In the working 
assume 8425 = 91'8 approximately.) (c.s.) 


78. If the volume of a gas at 41° Fahr. under a pressure of 15 lbs. 
to the square inch is 5 cub. ft., what will it be when the temperature is 
increased to 176° Fahr., and the pressure increased to 19 lbs. to the 
square inch? (It is given that the volume of a gas varies inversely as 
the pressure with an unchanged temperature, and that with the 
pressure unchanged the volume increases for each degree of temperature 
by zi; part of the volume at 32°Fahr.) (¢.H.L.) 


79. In a hollow rectangular case of cast iron, the external dimen- 
sions of which are, length 14 ft. 4 in., breadth 2 ft., and height 2 ft., 
and the thickness of which is 2 in., are placed 4 equal hollow closed 
cylinders of steel, each 14 ft. long and 1 in. thick, and having an internal 
radius of 4in. These cylinders are full of mercury, and the remaining 
spaces inside the case are full of water. If the area of a circle be ? X 
the square of its radius, and if cast iron be 7 times, steel 8 times, and 
mercury 134 times as heavy as water, and if a cubic foot of water be 
taken to weigh 62 lbs., find the weights of the water, the mercury, the 
steel, and the iron respectively, and their sum. (C.8.) 


80. A piece of lead, in the shape of a peg-top (without the peg), 
consists of a hemisphere and a cone, the greatest length, 15°25 cms., 
being twice the greatest breadth. Calculate its weight to the nearest 
gramme, given that (1) the lead is 11°19 times as heavy as an equal 


yolume of water; (2) the volume of a sphere is = x cube of radius; 


(3) the volume of a cone is = x product of height and square of radius 


of base; (4) + = 3°:1416 approximately ; (5) 1 cub. cm. of water weighs 
1grm. (C.S.) 

81. A girl is told that 2 lbs. 2 oz. 15 dr. of sand is to be equally 
divided into 7 heaps, and that each heap is to be equally divided 
among 7 boxes; and she is asked to find how much sand there will be 
in each heap, and how much in each box. She divides accordingly, but 
neglects in each division the fraction of adram. Of how much sand 
does she deprive each box? (P.7.) 


82. A certain passenger train travels at the rate of 15 miles per hour,’ 
and a luggage train half as longas the passenger train travels at 9 miles 
per hour. When the two trains are travelling in the same direction it 
takes 50 seconds for the passenger train to clear the luggage train ; how 
long does it take the two trains to pass when they are travelling in 
opposite directions? (M.U.) 


83. A poulterer bought a number of geese, 3 times as many ducks, 
and 4 times as many fowls. Hach goose cost 3s. 6d. more than a duck, 
and each fowl 6d. more than a duck. He sold each goose at a profit of 
9d., each duck at a profit of 4d., and each fowl at a profit of 5d. Alto- 
gether they cost him £22, and his profit amounted to £2 14s. 8d. What 
price did he charge for a goose? (C.P.) 


84. A boy playing at marbles lost in the first hour all he had, and 
got into debt for half a dozen more ; in the second hour he gained double 
of all he had lost in the first, and 40 per cent. besides of the number he 
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started with, which, after he had paid his debt, increased his store 
of marbles at the end of his play by 48. What number had he to start 
with? (P.T.) 


85. Find to the nearest pie the amount of Rs.1,750 for 3 years, 
reckoning compound interest at 3} per cent. per annum. (M.U.) | 


86. The moon describes, relatively to the earth, a circle of 240000 mi. 
radius in 27} days. Find, to the nearest minute, the time she takes to 
travel over a space equal to her own diameter (2160 mi.), the ratio of 
the circumference of a circle to the diameter being taken as 3}. (u.M.) 


87. Multiply 268765 by 336567, the multiplication to be done in 
three lines. (c.M.) 

88. A person has two casks, with wine in each. In order to have an 
equal quantity of wine in each, he pours out of the first, which contains 
the larger quantity, into the second as much as the second already - 
contains; he next pours from the second into the first as much as the 
first then contains; and again pours from the first into the second as 
much as the second contains; each now has 16 gals. How much had 
each at first ? (c.s.) 


89. If the total annual yield of all the gold mines of the world is 
4788000 oz., find the number of gold coins that could be coined from ¥, of 
the yield, so that 260 such coins can be made from 5! lbs. of gold. (K.s.) 


90. The total yield of the wheat crop in the United Kingdom in 1888 
was 74493133 bush., with an average yield of 27°97 bush. per acre. On 
what area (to the nearest acre) was wheat grown, and what was the value 
(to the nearest pound) of the wheat at 31s. 10d. per quarter? (c.P.) 


91. If 1454170 ac. yield 31 bush. each at 60. lbs. per bushel, this is 
sufficient, allowing 2 bush. per acre for seed, to enable *18 per cent. of the 
population to eat 120 4-lb. loaves per annum. Assuming that 280 lbs. of 
flour yield 360 lbs. of bread, what (within half a million) is the popula- 
tion? (s.A.) 

92. If 3360000 people require 21000000 bush. of wheat and 700000 
head of cattle for their yearly support, besides 660 lbs. of vegetables each, 
reckoning 3 ac. for each animal, 40 tons of vegetables or 80 bush. of 
wheat to an acre, find how many people may be fed from the produce of 
a square mile. (S.A.) 


93. If the price of barley be 48s. per quarter, and the cost of malting 
a bushel of barley be 44d., how much malt is made from 1242 ars. when 
the maltster, after paying a tax of 3s. 1}Jd. per bushel of malt, makes 
5 per cent. on his whole outlay by selling malt at 9s. 9d. per ae ? 
C.8.) 
94. A baker ordered from a mill a sack containing 10 st. 4! lbs. of 
flour. He intended to make this flour into 80 loaves. The sack left the 
mill at 12 hr. 10 min., but flour ran out of a hole in the sack at the rate 
of 3 oz. per minute until 1 hr, 52 min., when the baker made what flour 
there was left into 80 loaves. How much flour (in pounds and ounces) 
was used for each loaf, and how much less for each loaf than the baker 
ab first intended ? (Pp.T.) 


95. At an election 10 per cent. of the people on the voting list did 
not vote, and 60 votes recorded were rejected as illegal. The majority ~ 
of the successful candidate was 308, and it was found that he had been 
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supported by 47 per cent. of the whole number on the voting list. What 
was the number of legal votes recorded for each candidate? (0.J.) 


96. A road passes through four towns, A,B,C,and D. From A to B 
is 9 mi., the road rising uniformly the whole way; from B to C there is 
a regular decline, the distance being 7 mi.; and from C to D there is 
another rise throughout the entire length of 10 mi. A man leaves A for 
D at 9a.m., walking 3 mi. an hour uphill and 4 mi. an hour downhill. 
Another man leaves D for A at 9.30a.m., and walks 4 mi. an hour uphill 
and 5mi.an hourdownhill. Find the time and place of their meeting. 


(c.8.) 


97. A man spends a certain capital as follows: He buys 18000 ac. of 
uncultivated land, } at 27s. an acre, } at 83s. an acre, and } at 88s.; he 
has the land cleared and ploughed at 8s. an acre, and builds farmhouses 
at a cost of £6400. He then leases 16000 ac. at a yearly rent of 7s. an 
acre, the farm buildings being let at the rate of 2s. 8d. per pound cn 
their cost price; the remainder of the land he leases to a railway com- 
pany at 8s.an acre. How much per cent. per annum does he make on 
the original outlay? (c.8.) 


98. The price of land about London is every year rising 4 per cent. 
on previous prices, while the purchasing power of gold, as regards general 
commodities, is falling } per cent. per annum. A proprietor cells half 
his land this year for £8000, and invests the proceeds at 5 per cent. He 
proposes to sell the remainder 3 yrs. hence, and to invest the money in 
the same way. What income would now represent the purchasing power 
of the income he will have obtained when the sales are completed? (C.s.) 

99. A merchant pays a lakh of rupees for a season’s goods. He 
marks the goods 25 per cent, over the prime cost, and from what he 
sells at this rate realizes Rs.1,12,500. At the end of the season he sells 
the remaining goods at reduced rates—one-half at a reduction of 25 per 
cent. on the former prices, one-quarter at a reduction of 50 per cent., and 
the remainder at a quarter of the former prices. Ifthe expenses of the 
business amount to 12 per cent. of the sale receipts, what is his rate of 
profit on the transaction of the season? (M.U.) 


100. The assets of a bankrupt consist of (a) property valued at £250 ; 
(b) an undiscounted bill of £430 due 9 mths. hence, simple interest being 
reckoned at 44 per cent.; and (c) a sum of £820 invested at 96% in 
Government stock, which is now selling at 102. After deducting § per 
cent. for brokerage in the last item, the bankrupt is able to pay his 
creditor 13s. 4d. in the £. What is the amount of his debts? (1.1) 


101. Two posts are offered at the same initial salary. In one the 
salary increases at the end of every year by 5 per cent. of that year's 
salary, in the other it increases at the end of every two years by 10 per 
cent. of the salary for either of those years. Which is the better paid 
post? Show that for the fifth year one salary 18 slightly more than ¥ 
per cent. better than the other. (C.8.) : 

102. A merchant who sold his goods at a profit of 10 per cent. found 
that when he allowed 23 per cent. discount off his selling price, his 
business increased by }. Find whether his total profits were increased 
or diminished by adopting this plan, and in what proportion. (1.M.) 


103. How much stock at 109 must he paid to give sufficient money to 
buy 96000 stock of another kind at 95§ ? 
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If a man buy 95000 stock at 953 and sell out when the price is 973, 
how much profit does he make? (m.v.) 


104. The sum of £405 11s. 4d. is lent upon condition that the 
borrower shall owe to the lender, as interest, 4, part of the sum borrowed 
for each half-year that he retains the money; and if the money be not 
returned at the end of the first or any subsequent half-year, the interest 
due, instead of being paid, is to be added to the amount lent. How 
much is due from the borrower to the lender at the end of 14 yrs.? 
(L.M.) 


105. A person sold 25 Bank of Madras shares and invested the pro- 
ceeds in the Government 34 per cents. when they were at 3} premium. 
If his net income from the investment, after paying income tax at 
the rate of 5 pies in the rupee, be Rs.876 : 9 : 0, find the price at which 
he sold each of his bank shares. (M.v.) 


108. The weights of a penny, a halfpenny, and a farthing are in the 
ratio of 10 ; 6 : 3, and their diameters areas 6:5:4. Find the ratio of 
their thicknesses, and find the smallest number of pennies which, piled 
on each other, will be equal in height to a pile made up of an equal 
number of halfpennies and farthings. (s.a.) 


107. If A owes B £5000, payable at the end of a year, and an equal 
sum payable at the end of three years, and if he offers instead to pay him 
the whole at the end of two years, does B gain or lose by accepting the 
offer? If interest is calculated at 24 per cent. per annum, what pay- 
ment at the end of the second year would be exactly equivalent to the 
original debt? (C.H.L.) 


108. The value of a certain length of material A is 34 of the value of 
the same length of another material B, and the weight of 17 yds. 2 ft. 
of A is 3? of the weight of 15 yds. 1 ft. 9 in. of B. If the value of 
3 cwt. 27 lbs. of A be £35 2s., what is the value of 1 cwt. 2 qrs. 12 lbs. 
of B? (c.s.) 


109. If 20 English navvies, each earning 8s. 6d.a day, can do the 
same piece of work in 15 days that it takes 28 foreign workmen, each 
earning three francs a day, to complete in 20 days; taking the value of 
the franc at 10d., determine which class of workmen it is most profitable 
to employ. Ifa piece of work done by navvies cost £3000, what would 
be the cost of the same work done by foreign workmen ? (R.M.A.) 


110. A farmer had to keep 10 horses, 40 cows, and 100 sheep for 
60 days. He had fodder sufficient to keep 300 sheep for 50 days. At 
the end of 40 days 5 cows died, and after this, when fodder was 20 per 
cent. dearer than at the beginning of the period, he had to expend £24 
in providing for the cattle. If he had bought the requisite additional 
fodder before the price was increased and the cows had not died, he 
would have had to pay the same sum. Assuming that a horse eats as 
much as 3 sheep, compare the quantities eaten in a day by a cow and a 
sheep. (0.8.L.) 


111. In an orchard there are twice as many cherry trees as pear 
trees, as many plum as cherry and pear together, as many apple as the 
sum of the others, and there are 60 trees in all. When a pear tree 
produces 19s. a plum tree 18s., and an apple tree £1, the whole produce 
being £60, what do the cherry trees contribute? (c.s.) 
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112. A person holding 60 Rs.500 shares in a concern which paid 
dividend at the rate of 5 per cent. per annum, sold out when the shares 
were at Rs.625, and invested half the proceeds in 33 per cent. Govern- 
ment paper at 105. With the other half he bought a house for which 
he received an annual rental of Rs.1920 subject to a deduction of das. 
3p. per rupee for repairs and taxes. Find the alteration in his 
income. (M.U.) 


113. Ifthe number of different editions has increased 21 per cent. 
and the total number of books sold increased 19 per cent., while the cost 
of production of an edition has decreased 8 per cent., find the ratio of 
the receipts to the cost of preduction of an edition which formerly just 
paid its cost. (S.A.) 


114. A merchant bought a number of eggs, of which 25 per cent. 
were broken in transit, and the remainder were sold at 1s. 4d. per dozen ; © 
the expenses were 10 per cent. of the receipts, and the net gain on the 
transaction £5. He calculated that if 10 per cent. of the eggs had been 
broken, and his expenses had been 163 per cent. of his receipts, his profit 
would have been 33} per cent. How many eggs were bought, and what 
sum did they cost? (0.8.L.) 


115. If the duty on two kinds of foreign wine be changed from 
3s. 6d. and 2s. per gallon respectively toa uniform rate of 2s. 6d.,and in 
consequence the consumption of the former, which was at the rate of 
200000 gals. per annum, is increased 15 per cent., and that of the latter, 
which was 700000 gals., is diminished 25 per cent., while the cost of 
collecting the duty is reduced from 2d. to 1¢d. per gallon, find the gain 
or loss to the revenue. (C.S.) 


116. The national debt of a country was increased by } during a 
war. For a period of 10 yrs. after peace was concluded £2000000 of 
the debt was annually paid off. At the end of the tenth year the rate 
of interest upon the debt was reduced from 6 to 5 per cent., and it was 
found that the interest became precisely the same as it was before the 
war. Find how much was added to the debt during the war. (.M.) 


117. A man in his will bequeathed £1000 to his widow, and £1500 
in legacies to various institutions, and directed that 5 of the residue of 
his property should go to his widow, and that the remaining § should 
be equally divided amongst his 8 children. If the widow received 
altogether £4000 more than each child, what was the value of the 
property which the man left? (C.S.L.) 


118. In an orphan asylum for a certain quarter of the year, In which 
the average number of boys was 104, and that of girls 72, the whole cost 
of keep was £669 12s., while for a single month, in which the num ber 
of boys was 91, and that of girls 60, the cost was £191 17s. What is 
the ratio of the cost of a girl to that of a boy? (C-H.L.) 


119. The number of paupers in a certain union was 336, the number 
of women being double that of the men, and the children being as many 
as the men and women together. Ifa man cost 4 more than a woman, 
and 3 children as much as a man and woman together, and the whole 
cost for the month be £83 6s., how much is the daily cost of each man, 
woman, and child? (c.s.) 

120; An exhibition has 17525 visitors. Of these } hold season 
tickets, each costing a certain number of half-sovereigns. Of the 
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remainder } purchase day tickets, costing a like number of half-crowns, 
and the rest pay the same number of shillings for their evening tickets. 
The proceeds of the exhibition are £7991 8s. What were the three 
entrance charges? (c.P.) 


121. A tradesman commences business with a certain capital. At 
the end of the first year he adds } to it; at the end of the second year 
he adds to it } of his new capital; at the end of the third year 4 of the 
capital with which he began that year; and at the end of the fourth 
year } of his last new capital. He then finds he has in his business 
£2737. What did he commence with? (c.s.) 


122. A contractor employs a fixed number of men to complete a 
work. He may employ either of two kinds of workmen: the first at 
26s. 6d. per week each, the second at 18s. 6d. per week each; the work 
_ of one of the former being to that of the latter as 5 to 4. If he finishes 
it as quickly as possible, he spends £270 more than he would have done 
if he had finished it as cheaply as possible, but takes 4 wks. less time. 
What would it have cost if he had employed equal numbers of the two 
kinds of workmen? (c.s.) 


123. An income-tax levied at 3d. in the £ on the whole incomes of 
400000 householders produces £2500000. If the tax be altered go as to 
produce the same amount when it is only levied on the excess of each 
income over £200, what is the largest income the possessor of which 
will benefit by the change? (c.s.) 


124. A building, which will let when finished for £7500 per annum, 
takes eight months to build by day labour alone; but if a second set of 
workmen be employed by night, it can be finished in four months. T+ 
is found that, although night labour costs 60 per cent. more than day 
labour, a net gain of £400 would result from employing the two sets 
of men. Find the total cost of labour in each case. (¢.H.L.) 


125. Suppose that when an income is less than £400, income-tax is 
not chargeable upon the first £120. A man having £13300 in the 3 per 
cents. sells out £300 at par, and invests it in a mortgage returning 4 per 
cent. His net income is now Is. 6d. less than formerly. What is the 
amount of the income-tax in the pound? (c.s.) 


126. Two men walk at uniform rate in opposite directions on a road 
running side by side with a railway. A train travelling uniformly over- 
takes one of these men who is walking at the rate of 3 miles an hour, 
and the whole train, which is 88 yds. long, passes him in 43 seconds. 
Fifteen minutes after passing him the train meets the other man, and 
clears him in 33 seconds. At what rate is the train travelling and when 
will the two men meet? (mM.v.) ‘ 


127. A bought lambs at a certain price per lamb, and sold 4 of them 
to B, and the rest to C. His actual profit on those sold to G was three 
times as great as that made on those sold to B, and his whole profit 
was at the rate of 103 per cent. The price paid per lamb by C exceeded 
that paid by B by 1s. How much did A pay for one lamb? (C.P.) 


128. Three sums of money were divided between A and B ; the first 
sum in the ratio of 7 to 13, and the second in the ratio of 13 to 28. The 
third sum was equal to the other two sums together, and B’s share, in 
each case, exceeded A’s share by the same amount. In what ratio was 
the third sum divided between A and B? (c.P.) 
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129. Acandle, P, was lighted at 6.6 p.m., and a candle, Q, at 6.30 p.m. 
They were of the same length at 8.30 p.m.; also P. was 1 in. long at 
10.15 p.m., and Q1in.longat11p.m. Assuming that they burned away 
uniformly, find their original lengths, which differed by 2 in. (c.P.) 


130. How many books 7 in. by 5 in. by # in. can be packed in a box 
2 ft. by 1 ft. by 1 ft.? and what will be the volume of the unoccupied 
space? (S.A.) | 


131. A’s income was to B’s income as 5 to 4. A’s income was in- 
creased 5 per cent., and B’s income increased at a different rate per 
cent. Later on their incomes were increased at the same rates, when 
A’s income was to B’s income as 1125 to 1024, At what rate per cent. 
was B’s income increased? (C.P.) 


132. A builder borrows money from three persons, A, B, C; from 
B he borrows £600 more than he does from A, and from C he borrows 
half as much again as he does from B. He agrees to pay interest to A 
at the rate of 10 per cent. per annum, to B at 5 per cent., and to C at 
1 per cent. At the end of twelve months he finds that he owes them 
altogether exactly £14000. How much did he borrow from each? (0.S.L.) 


133. £18, given to a school for prizes, is distributed among forms l., 
II., III., in the ratios 3:4;5. The number of prize-winners in forms L., 
TI., III. areas5:4:3. Find the total number of prize-winners, supposing 
that all in the same form receive the same sum, and as many prizes as 
possible are given, consistent with each being an integral number of 
shillings. (S.A.) 

134. A sum of £5000 is lent on the condition that if it is not repaid 
within a year compound interest will be charged. The option is given 
of 5 per cent. interest throughout, or 24 percent. for the first year, 5 per 
cent. for the second year, 74 per cent. for the third year, and so on, the 
interest increasing by 2) per cent. every year. Show that, if the loan 
is repaid within 3 yrs., the latter system will be in favour of the borrower, 
and find the difference of the two systems if it be not paid off till the 
end of the fourth year. (¢.8.) 


135. After probate duty of £88 and lawyer’s bill of £20 6s. 8d. are 
deducted from a personal estate of £3441 13s. 4d., the remainder is divided 
into five equal parts: one to a widow, free of legacy duty; one to a 
sister, which pays 1 per cent. duty ; and one to each of three nieces, 
paying 8 percent. If the above probate and legacy duties be commuted 
for a probate duty of 4} per cent., and the lawyer’s bill be thereby reduced 
to £3 15s. 10d., how much ought to have been left to each legatee so that 


the net sums received should be in exactly the same proportion “ pen ? 
0.8.L. 


186. The sum of £405 11s. 4d. is lent upon condition that the borrower 
shall owe to the lender, as interest, j; part of the sum borrowed for each 
half-year that he retains the money; and, if the money be not returned 
at the end of the first or any subsequent half-year, the interest due, 
instead of being paid, is to be added to the amount lent. How much is 
due from the borrower to the lender at the end of 1d yr.? (t.M.) 

137. If a dealer were to diminish the selling price of his wares 


10 per cent., and thereby double his sale, he could make the same profit 
on the cost price as before. In what ratio would his profit be diminished 
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if he were to increase the selling price by the same amount and thereby 
halve his sale? (s.A.) 


138. A ship 78 mi. from the shore Springs a leak which admits 
2; tons of water in 65 min.; 68 tons would suffice to sink her, but the 
pumps can throw out 15 tons in an hour. Find the average rate of 
sailing that she may just reach the shore as she begins to sink? (c.m.) 


139. A steamer A is in distress and stationary, and fires a gun which 
is heard on another steamer B coming direct towards her. A fires another 
gun 10 min. after the first, and this is heard on B9 min. 48 sec. after the 
first. At this moment B is 4 mi. from A. How soon will the two 
steamers be alongside of each other? Give the answer to the nearest 
second, supposing sound to travel at the rate of 1130 ft. per second. 

(R.M.A.) 


140. Using the theorem that the difference of the squares of any 
two numbers is equal to the product of the sum and difference of the 
numbers, find the difference between the sum of the Squares of all the 
odd numbers, and the sum of the squares of all the even numbers up to 
100. \(c¢.8.) 


141. A vessel, making for a harbour, fires a signal gun; the flash is 
seen from the harbour, and the sound follows in 22} secs. A tug puts off 
immediately, and steams in a straight course towards the vessel at the 
rate of 12 mi. an hour; and from the tug, 5 min. afterwards, the flash of 
a second gun is seen, the sound of which follows in 15 sec. If sound 
travels 13 mi. per minute, at what rate is the vessel approaching the 
harbour, and how soon after starting will the tug meet her? (c.s.) 


142. A ship sailing at the rate of 10 mi. an hour is observed to move 
411. in the interval between the flash of a gun firedon board being seen 
and the report heard on shore. The velocity of sound being 1140 ft. per 
second, and the flash being assumed to be seen instantaneously, how far 
is the ship from land? (c.s.) 


148. A ship sails with a Supply of biscuit for 60 days, at a daily 
allowance of 1 lb. ahead. After being at sea 20 days she encounters a 
storm, in which 5 men are washed overboard, and damage sustained that 
will cause a delay of 24 days, and it is found that each man’s allowance 
must be reduced to 3 1b. Find the original number of the crew. (L.M.) 


144. A ship is steaming directly towards a headland, from which 
a gun is fired. The interval between the sound and flash is noted to 
be 10 sec. Immediately the sound is heard the engines are reversed, 
and the ship becomes stationary after travelling 1070 ft. from the time 
that the flash is seen. The gun is then fired again, and the interval 
between the sound and flash is found to be 97; sec. Find the velocity of 
the ship at the time when the engines were reversed. (The velocity of 
sound is 1100 ft. per second; the velocity of light is practically infinite.) 

(C.s.) 


145. A ship’s company take a prize of £1001 19s. 2d., which is 
divided according to their pay and time on board. The officers and 
midshipmen have been on board 6 mths., the sailors 3 mths. ; the officers 
receive 40s., the midshipmen 30s., the sailors 22s. per month. There 
are 4 officers, 12 midshipmen, and 110 sailors. What will be each man’s 
share ? 
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146. A man leaves his estate to be divided among his 3 sons and 
2 daughters in the following way: the eldest son is to have } of the 
property, the second son a sum equal to 2 of the elder’s share, and the 
third a sum equal to 4 of the second’s. The elder daughter’s share is to 
be equal to 3 that of the second and third sons together, and the younger 
is to have the remainder. It is found by this division that the younger 
daughter will receive £520. Find the value of the estate, and what each 
of the others would receive. (C.8.) 


147. A merchant imports sugar at 17s. 11d. per cwt., the cost of 
which he remits when exchange is at the rate of 1s. 4jd. per rupee. 
Freight and landing charges amount to Rs.37 : 8:0 per ton, and import 
duty at the rate of 8as. 8p. per cwt. has also to be paid. If the 
merchant sells the sugar at the rate of Rs.8:14:6 per maund of 25 lbs., 
find how much he gains per cent. on his outlay. (M.U.) 


148. Genuine milk contains 88°75 per cent. by bulk of water, 2°75 
of fat, and 8°5 of non-fatty solids. A purchaser buys 7 gals. of milk at 
3d. a quart; the milk on being analyzed is found to contain 90°84 per 
cent. of water, 2°24 of fat, the residue being non-fatty solids. Find 
whether anything besides water has been added to it; and find the sum 


of which the purchaser has been defrauded. (L.M.) 


149. Zinc ore is purchased at £8 11s. per ton, and copper ore at 
£17 11s. per ton; 100 parts of the zinc ore contain 54 parts of metallic 
zinc, and 100 parts of the copper ore contain 27 parts of metallic copper ; 
5 per cent. of the zinc and 2) per cent. of copper are lost in the smelting. 
Tf brass be made by mixing the zinc and copper in the proportion of 
8 parts to 7, and the coals and labour employed in the brassfounding 
cost ~, as much as the metal, what will be the net cost per ton of the 
brass? (C.8.) 


150. An ore contains 44 dwts. of gold and 11 oz. of silver per ton, 
and 62 per cent. of copper. Allowing £2 per ton for expenses, taking 
gold at £3 15s., silver at 2s. 1d. per ounce, and 9 cub. ft. of ore to the ton, 
the value of 1320000 cub. ft. of ore is £400000. What is the price of a 


ton of copper? (8.4.) 


151. Three casks contain diluted spirits. From the first are taken 
3 parts, from the second 5 parts, and from the third 7 parts, and on 
mixing these together it is found that they contain twice as much spirit 
as water. If the first part contains 7 parts of water to 11 of spirit, and 
the second 5 parts of water to 7 of spirit, find the percentage composition 
of a mixture formed by taking 3 parts from the first cask, 2 from the 
second, and 1 from the third. (c.8.) 


152. It appeared from a daily paper one year that the annual 
expenses of the Suez Canal might be estimated at about 17800000 fr., 
exclusive of 10000000 fr. needed for the payment of the interest on the 
shares. Assuming that all the receipts over and above the sum of these 
amounts are to be divided as profits amongst the shareholders, the 
founders, and the Egyptian (fovernment, the holder of shares taking 
70 per cent, and each of the latter parties 15 per cent., what must the 
yearly receipts be in order that an English holder of 20 shares out of 
the 400000 representing the whole stock may receive £73 10s. as his 
proportion of the profits 9 (£1 = 25 fr.) (¢.8.) 
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153. Find by any method the cost of 21 tongs 13 cwts. 3 qrs. 26 lbs. 
of coal at Rs. 40:18: 4 per ton. (M.U.) 


154, A druggist takes a fluid ounce of a drug, and dilutes it with 
9 times its quantity of water, supposed to be pure; he takes an ounce 
of the mixture and dilutes it again in the same proportion, and repeats 
the operation a third time. He afterwards finds that the water which he 
supposed pure had been previously mixed with the same drug in the 
proportion of 99:1. What difference will this make in the strength of 
the mixture? (c.s.) 


155. A person shooting at a target at a distance of 500 yds. hears 
the bullet strike the target 4 sec. after he fired. A spectator equally 
distant from the target and the shooting-point hears the shot strike 
43 sec. after he heard the report. Find the velocity of sound. (C.PR.) 


158. If the children born in the United Kingdom consist of males 
and females in the ratio of 81 to 80, while the population always 
consists of males and females in the ratio of 27 to 28, find the average 
length of life of all the females born, assuming that 45 yrs. is the 
average length of life of the males, and neglecting the effects of im- 
migration and emigration. (C.8.L.) 


157. The reservoir from which a certain city draws its water-supply 
has a surface area of 22 sq. miles. If the city has a population of 
450,000, and if the average daily supply is at the rate of 20 gallons to 
each inhabitant, find to the nearest inch what must be the average 
depth of the reservoir so that when full it may contain a year’s supply. 
(1 gallon = 277-274 cub. ins., and a year = 365 days.) (m.v. 


158. Two boys begin together to write out a book of Virgil’s 
‘““ Aineid,” containing 817 lines. The first boy starts with the first line, 
writing at the rate of 200 lines an hour; the seéond boy starts with the 
last line, then writes line 816, and so on backwards, proceeding at the 
rate of 150 lines an hour. At what line will they meet? (p.u.A.) 


159. A waggon leaves London for Oxford at 5.30 a.m., at the rate of 
6 mi. per hour. A coach, whose rate is to that of the waggon as 5 to 8, 
leaves London some time after, also for Oxford, overtakes the waggon at 
10.30 a.m., and proceeds to its destination, where, after remaining an 
hour, it commences its return journey, and meets the waggon 8$ mi. 
from Oxford. Find the distance between London and Oxford, and the 
time (1) when the coach leaves London, (2) when it arrives in Oxford, 
(3) when it meets the waggon, (4) when it arrives in London, and (5) 
when the waggon arrives in Oxford. 


160. In the year 1891 the population of a country was 35640000, 
and there were 1025 females to every 1000 males. Of the total popula- 
tion 7°5 per cent. could read and write, but of the females 1 per cent. 
could doso. Find what percentage of males could read and write. (M.U.) 


161. A bath can be filled by the cold-water pipe in 9 min., and by 
the hot-water pipe in 11} min. A person leaves the bathroom after 
turning on both pipes simultaneously, and returns at the moment when 
the bath should be full. Finding, however, that the Wwaste-pipe has 
been open, he now closes it. In 3¢ min. the bath is full. In what time 
would the waste-pipe empty it? (C.S.L.) 


162. The coach fare between two places is 5s., and each passenger 
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is allowed 56 lbs. of luggage free, excess luggage being paid for at a 
certain rate per pound. Two travellers, Aand B, have more than 112 lbs. 
of luggage between them, but A has less than 56 lbs. If A alone had 
travelled, and taken with him the luggage of both, the coach proprietor 
would have received the same amount as he does when they both travel 
independently. If, however, they had divided their luggage equally 
between them, the proprietor would have received 2s. less. How much 
luggage had A? . (c.J.) 

163. In a certain household the consumption of coal in the winter 
half of the year was 50 per cent, more than in the summer half, and the 
price per ton of the coal consumed in the winter half was 20 per cent. 
more than the price per ton of the coal consumed in the summer half. 
The total cost for the year was £25 4s. Show that 9s. would have been 
saved if all the coal had been bought at a price 10 per cent. above the 
summer price. (C.H.L.) 

164. Thirty stones are lying ina straight line at intervals of 1 yd. 
from one another. A man starts from a basket 20 yds. from the nearest 
stone, and in the same straight line, to fetch the furthest stone and 
place it in the basket; then to fetch the next, and so on. If the average 
rate for each journey to any stone and back is proportional to the 
distance between that stone and the basket, and the man takes 73 min. 
to accomplish the task, find how long each journey takes. (C.S.) 


165. Working at a certain uniform rate, ib was estimated that some 
men could perform the coaling of a vessel by the time it was to start, but 
when # of the time had elapsed only 4 of the coaling was done; hence 
10 per cent. more men were set to work, and, all working at another - 
uniform rate, they just got the coaling done in time. Compare the 
latter with the former rate. (C.P.) 

166. After driving some distance on the way from one place to 
another, a gentleman observed that 3 of the distance he had driven was 
2 of the distance he then had to drive; also that, when he had driven 
41 mi. farther, } of his journey would be accomplished. How many 
miles had he to drive when he made the observation ? (C.P.) 


167. A section of a stream is 10 ft. wide and 10 in, deep: the mean 
flow of the water through the section is 3 mi. an hour. Taking 25 gals. 
to equal 4 cub. ft., find how many gallons of water flow through the 
section in 24 hrs. (S.K.) 

168. If a man, his wife, and child consume 36 Ibs. of bread in 9 days, 
when bread is at 5d. the 4-1b. loaf, how much bread a day would a family, 
consisting of a man and wife and 3 children, have to restrict each 
member to so as not to exceed the same rate of expenditure when the 
4-Ib. loaf costs 6d.? In each case assume that the rate of consumption 
of a man, woman, and child are as 4,3,and 2. (C.8.) 

169. Aperson buys a square field containing 22! acres for Rs. 10,000, 
and surrounds it with a fence costing Rs.2:13:4 a yard. At what 
annual rental per acre must he let the field so as to get a return of 6{ per 
cent. on his outlay? (M.v.) 

170. When the duty on a commodity is reduced by 40 per cent., the 
consumption is increased by 60 per cent. By how much per cent. 1s the 
revenue from that commodity increased or diminished ? With what 
increase of consumption would the revenue have remained unchanged ? 


(L.M.) 
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171. On a certain farm the labour in one year cost £750, the rent 
was £3950, other fixed expenses amounted to £550; the returns that year 
were ten per cent. less than the outgoings. The landlord remitted 10 
per cent. of that year’s rent, and lowered the rent £50 per annum. The 
returns for the second year were better thax? those of the year before in 
the proportion of 7:4. On the two years the farmer gained 23? per cent. 
What was his labour bill in the second year ? (C.H.L.) 


172. A person owned house-property yielding a rental of Rs.1750 
per mehsem, of which he had to spend 87} per cent. on repairs, manage- 
ment, taxes, etc. He sold the property, realising Rs.365,750, which he 
invested in 3} per cent. Government paper at 96}. If he has to pay 
income-tax at the rate of 5 pies in the rupee on the interest derived 
from the investment, find the alteration in his clear income. (M.U.) 


173. A company of men can be formed either into a solid square, or 
into a hollow square 9 deep, havmg 970 men in the front rank of each 
side. How many men are there in the company, and how many in each 
side of the solid square? (0. and c.s.c.) 


174. What must be the area to the nearest rood of the surface of 
the water in a reservoir with vertical boundaries, so that when no water 
enters the reservoir the withdrawal of one million gallons per day may 
lessen the depth by one foot in a week? (A gallon contains 277-274 in.) 

(s.A.) 


175. A certain number of men, half as many women, and twice as 
many boys, were employed to make a tank bund. The men worked 
10 hours a day, the women 8 hours, and the boys 5 hours; and all 
working together finished the bund in 28 days. _If each man did in 
3 hours as much work as each woman did in 4, and each woman did 
in 2 hours as much as each boy did in 8, and if the bund could have 
been made in 42 days by 156 men working 10 hours a day, find how 
many men, women, and children were actually employed on it. (M.U.) 


176. A sells gold lace costing £375 per piece to B at £518 15s. per 
piece, and gives him 9 mths.’ credit. At the same time B sells silk to 
A which has cost him £125 per piece, and gives him 6 mths.’ credit. 
If the two invoices are made out for the same amount, at what price 
per piece must B invoice the silk, in order that at the moment of sale 
the total amount of A’s profit may equal that of B, the present value 
of the invoices being determined upon the supposition that the interest 
of money is 5 per cent. per annum? (c.s.) 


177. Rupee silver is an alloy consisting of eleven parts of silver 
to one part of copper, and the weight of a rupee is 180 grains. If the 
price of silver is 2s. 6d. per ounce troy, the price of copper 32d. per Ib. 
troy, and if the rate of exchange is 1s. lid. per rupee, find the total 
value in rupees of the silver and copper required for coining a lakh 
of rupees. (M.U.) 


178. In climbing a mountain 14000 ft. high, it takes 3 hr. to climb 
the first 1000 ft.; it takes | as long again to climb the second 1000 ft. as 
it does to climb the first 1000; it takes }as long again to climb the 
third 1000 as it does to climb the second 1000; and so on until a height 
of 11000 ft. is reached. After this it takes 4 hr. longer to climb each 
1000 ft. than it does to climb the preceding 1000 ft. How long does it 
take to climb the mountain? (1.m.) 
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179. On Monday the turnstiles recorded the entrance into the 
exhibition of 58682 persons. The money taken (in shillings) consisted 
of a number of pounds and 7s. over, and it was observed that the number 
of pounds was less by 295 than the number of persons who entered with 
season tickets. Find the number of persons who entered respectively 
by payment and by season tickets. (u.M.) 


180. Sound travels at the rate of 1140 ft. a second. If a shot he 
fired from a ship moving at the rate of 10 mi. an hour, how far will the 
ship have moved before the report is heard at a place 143 mi. off? (C.PR.) 


181. Tramcars start uphill from A to B (a distance of 10 mi.), and 
return downhill from B to A, at intervals of 74 min. in each case. The 
cars running in the same direction travel at a uniform rate, but their 
speed from B to A is greater than from Ato B. A cyclist riding at a 
uniform speed from A to B passes tramcars at the rate of 8 in 3 hrs., 
and meets them at the rate of 30 in“? hr. He returns at a uniform 
but different speed of 15 mi. an hour, and completes the whole journey 
from A to B and back in 115 min. Will the distance between the 
points at which he passes each car be greater on the outward or on 
the return journey, and by how much? Answer the same question in 
regard to the cars which he meets. (C.S8.) 


182. A cistern is filled by two taps, A and B, together in 1 hr. 12 min. 
For the tap A another tap C is substituted, which by itself would take 
5 hrs. longer than A to fill the cistern ; and forthe tap B another tap D 
is substituted, which by itself would take 6 hrs. longer than B to fill 
the cistern. If © and D could together fill the cistern in 3 hrs. 56 min. 
15 sec., find how long it would take to fill the cistern by A and by B 
separately. (L.M.) 

183. A and B receive 1600 cabbages to plant, but of these 10 prove 
worthless. A plants 5 while B plants 4, and the rows are equal. After 
some hours they have not sufficient between them to complete another 
row, A having 45 to spare, and B6. Athen finds he has planted 3 rows 
more than B. How many did each plant, and how many cabbages in a 
row? (C.S.) 

184. Ina certain year three-eighths of the quantity of wheat raised 
in a country was exported at Rs.2 6as. per bushel. In the following 
year the acreage under wheat showed an increase of 12) per cent., but 
the yield per acre was only five-sixths of what it was in the former year, 
and of the total amount of wheat raised only one-third was exported. 
Tf the value of this at Rs.2 8as. a bushel was 375 lakhs of rupees, find 
the value of the wheat exported in the first of the two years. (M.U.) 


185. A Madras merchant bought 900 yds. of silk in London at 
5s. 6d. a yard when the exchange value of a rupee was 1s. 34d. The 
total cost of importation was 11 per cent. of the purchase price. He 
sold 200 yds., which were damaged in transit, at Rs.2 8as. a yard, and 
the remainder at Rs.6 8as. a yard. What percentage did he gain 
or lose on his outlay? (M.U-) 

186. A contractor undertook to finish a certain piece of work in 150 
days. He employed 20 men, 30 women, and 75 children; but at 
the end of 60 days, finding that only one-fourth of the work was done, 
he dismissed allthe women and 50 of the children, and employed more 
men, The work was then finished 5 days before the stipulated time. 


R 2 
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Assuming that 83 men could do as much ag 5 women, and 2 women 
as much as 3 children, find how many additional men were em- 
ployed. (m.v.) 


187. When a body is falling freely to the earth, the square of its 
velocity at any point of its fall is always proportional to the distance 
through which it has fallen. In falling through 16:1 ft. a body acquires 
a velocity of 32-2 ft. per second; and in falling through 2°503745 m. it 
acquires a velocity of 23 ft. per second. Find the number of feet in a 
metre, correct to 4 places of decimals. (C.H.L.) 


188. Find by the contracted method the square root of 3121 correct 
to within a hundred-thousandth ; and thereby obtain (95), (5586)2, and 


the first 7 figures of the square of 5586591. Show that 4/10 is less than 
>» and greater than #43; and that it differs from the latter by a quantity 
less ae 2 x 2928 x 1405" (C.S.} 

189. A piece of metal weighing 12 cwt. 60 lbs. has been formed by 
compounding three metals in quantities which, by measure, are as 5:3°2: 
but the weights of equal volumes of them would be as 7 ; Ii 5.13. SWhes 
weight of each of the component metals has been used ? (C.8.) 


190. A crown weighing 641 oz. was made of gold adulterated with 
silver. It was found by the water which it displaced to contain 8:5 cub. 
in. of metal ; and a cubic inch of gold was found to weigh 10°25 oz., and 
of silver 5"750z. Find the weight of gold and silver in the crown. (c.8.) 


191. Compare the weight of a solid brick of which the dimensions 
are 9in., 44 in., and 2! in., with that of a brick of the same dimensions 
and of the same material, but perforated perpendicularly to the largest 
faces in 8 places, the perforations being circular and 3 in. in diameter. 


(C.8.) 

192. Any one of a number of men can dig 20 ft. (in length) of trench 
for the foundation of a wall, or build 9 ft. (in length) of the wall, or fill 
up 85 ft. of the trench after the wall is built, in a day of 10 hrs. Find 
how many out of 1058 men must be employed day by day in building the 
wall, so that the remainder may be just sufficient each day to dig for the 
next day’s building, and to fill up after the preceding day’s building 
the same length of trench. (c.s.) 


193. A field of 70 ac. was rolled by a roller 11 ft. in circumference 


a 


7 


and 3 ft. 6 in. in width, and another field of 63 ac. was rolled by aroller © 


10 ft. 6 in. in circumference and 3 ft. 4 in. in width ; the large roller 
revolved at the uniform rate of 1 revolution in 8 sec., and the smaller at 
the uniform rate of 9 revolutions in 95 sec. Assuming that all the 
ground was rolled only once, in how much less time did one roller do its 
work than the other ? (c.s.) 


194. The weight of a shilling being 87 grs., find the weight of a 
sovereign, the diameter of the Sovereign being to that of a shilling as 
57 to 60, and the thickness as 21 to 22; and gold being heavier than 
silver in the proportion of 32 to 19. (The area of a circle varies as the 
square of its diameter.) (c.s.) 


195. The capital of a certain railway is 275 lakhs of rupees in shares 
of Rs. 500 each, fully paid up. The gross receipts in a certain year 
amounted to 22} lakhs, and the working expenses amounted to 48-4 per 


A 
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cent. of the gross receipts. Of the net receipts the sum of Rs.1,31,400 
was placed in the reservoir fund, and the remainder went to pay dividend. 
Find the amount of dividend received by a person holding 1,500 shares, 
after deducting income-tax at the rate of 5 pies in the rupee. (M.U.) 


196. Three points are kept moving at uniform rates of 5 {t. per 
second, 16 ft. in 3 sec., and 23 ft. in 4 sec. in concentric circles having 
diameters 32 in., 33 in., and 333 in. respectively. They start simul- 
taneously from positions seen in the same direction from the centre, 
the last moving in the opposite direction to the other two. Find how 
long after the start they will next be seen in the same direction from 
the centre, and how many revolutions each will then have made. (c.8.) 


197. The dimensions of a rectangular room are 25 ft. 4 in. by 18 ft. 
by 13 ft.6 in. Find how many cubic feet of air must be supplied by 
the ventilating pipes in order that the whole atmosphere of the room 
may be renewed in an hour. Also fin (in square inches) what must be 
the least total sectional area of the pipes in order that the current in 
them may not exceed 1} ft. per second. (L.M.) 


198. The driying-wheel of 2 locomotive engine is 27} ft. in circum- 
ference, and the fore wheel 16 ft. Two particular spokes, one in each 
wheel, are observed pointing vertically upwards. How far will the 
engine travel before the same two spokes are again simultaneously in 
the same direction; and how often will this happen in9mi.? (C.s.) 


199. When exchange is 1s. 23d. per rupee, a Madras bookseller sends 
to a London publisher a cheque for £104 in payment of books ordered. 
Freight and landing charges amount to Rs.87:8:0. The publisher 
allows the bookseller discount at the rate of 35 per cent. on the published 
price, and the latter sells the books at the rate of 10} annas per shilling 
of the published price. Find how much he gains on the transaction. 

(M.U.) 


200. Two similar logs of timber, each measuring 18 ft.in length and 
8! in. square sectional area, were sent to be sawn up, each into 11 boards 
of equal thickness, to floor a room. A saw, which destroys 4 in. of 
thickness in making its cut, was used, and in consequence there was a 
deficiency of flooring material. Had similar boards been cut with a saw 
which destroys only #; as much, there would have been a surplus of 
921 sq. ft. What was the area of the room? (C.8.) 


ANSWERS 


Exercise I. 


I. Four millions six hundred and two thousand nine hundred and 
seventy-three. 2. 10000002; 40003; nine millions nine hundred and 
fifty-nine thousand nine hundred and ninety-nine. 3. 16229290. 
248921470 ; 490. 5. 3220. 6. One hundred thousand and two hundred 
millions two hundred thousand one hundred. 7- 45808416423. 8. 20. 
9. 99099099; nine hundred thousand nine hundred and one. . fo. 
80000000. 11. 7203452912. +12. 250488000. 13. 167072716104. 14. 
100554439755. 15. 5724096747950354972. 16. 5750936928. 17. 109; 
18. 376900. 19. 82122000. 20. 7296. 21. 1200. 22. 11. 23. 90. 24. 
291447. 25. 6758. 26. 530 and 45 remainder, or 529 and 298 remainder. 
27. 897. 28. 709. 29. 130 or 65; 4171. 30. 561; 943. 31. Forty-three 
thousand seven hundred and twenty-five; remainder 97. 32. 48364. 
33. 3709; remainder 58. 34. 664; remainder 55; 7 and 6. 35. 10028052 ; 
152 remainder. 36. 56732; 11346. 37. 723; 844. 38. 1825813. 39. 
He put down 125 for 123. 40. 2325578235524; 21256. 


Exercise II. 


I. £7788215 10s. Tid. ; £24414 9s. 41d. 2. £366234 1ds..3 £7 9s. tae 
1003. 3. £1039063; 106. 4. 575; 4s. 5. 500; 1s. 8d. 6. £2106 18s. 
7. £106 17s. 6d. 8. 14973500. 9. £480 15s. 4id. 10. 360, qx, 
£37 Os. 10d. ; £9 5s. 24d. 12. 41. 13. A, 161 14s. 8d. ; B; £154°8s.5as 
C, £133 8s. 1d. 14. 4. 15. £2717s. 13d.; £30 2s. 103d. 16. Man, £30; 
woman, £15; child, £5. 17. £11 15s. 103d. 18. Male, £6 6s. 7id.; 
female, £3 3s 33d. 19. A, £10; By #40;'C, £20: 20. A, £10 10s. ; 
Bese 9s,; 0, 27 Bs..6d.. 21, Sf 2s.; £2 15s.; £3 6s. 22. 850 qrs. ; 
23. 2d. gain per lb.; 6s. 8d. on whole. 24. 6885 tons; 85tons. 25. 48 at 
4s. 6d.; 95 at 10s. 6d.; 144 at £1 1s.; £207 12s. 26. £18 17s. 6d 329; 
£63 15s. 28. 137142. ag. 2d. and 3d. 30. Ist, 122; 2nd, 366; 3rd, 524. 
31. 4559. 32. 53 lbs. 33. £1 Qs. 6d.; £1 6s. 8d. 34. £7 11s. 33d. . 
£476 Os. 10d. 36. 116 lbs. 8 ozs. troy. 37. £8 14s. 113330. 38. 123171. 
£3 17s. 103d. 39. £4 4s. 11d. 40. 251 po. 33 yds. 41. 2018. 42. 1 inch. 
43. 3916. 44. 45. 45. The latter by 8 mi. 7 fur. 20 po. 46. 168 ft. 
47. 4964, 48. 53514. ag. 17669. 50. 14400. 51. 9 mi.; 71 ft, “52. 
864. 53. 10827. 54. 2 ac. 2 rds. 55: £1592 14s. 43d. nearly. 56. 362. 
57. of ac. 2 rds, 221 po.; £770 18s. 103d. nearly. 58. 325000 sq. lks. 
59. 119; 119 ft.; 119 sq. ft. 60. 31 cub. yds. 7 cub. ft. 293 cub. in. 
61. 20526 cub. ft. 171 cub. in. 62. 510 Ibs. 63. 33d. 64. 2 gals, 
65. 448. 66. £79107 18s, 413d. 67. £657450. 68. 7320. 69. 166544. 
70. January 28. 71. First method, £630; second £600. 72. 4 hrs. 
3 min, 52 sec. 73. 24. 74, 11,538. 
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II. (a) 

I. (a). Rs.182194 das. 1ip.; (6) Rs.223402 0a. Op. 2. Rupees two 
thousand and eighty, annas three and pies two. 3. Rs.164293 8as. 1p. ; 
Rs.527 lias. 1itps. 4. 2ips. 5. 553 parcels; Llas. 3gps. 6. Rs.56 4as. 
7. 4men at 1Yas; 12 men at 10as. ; 28 men at Tdas. 8. 35 coins. 9. 
6 men at Re.1 2as. 3p.; Tmen at Rs.2 3as.4p. 10. Men—Rs.750 15as. ; 
W. Bs.467 4as.; OC. Rs.300 Gas. 1. 11113 tolas. 12. 1 md. 30 seers, 
3 powas, 2 chks. 3 tolas. 13. 156 mds. 28 seers 1 pow. O chtk. 1 tola. 
14. 3 mds. 17 seers 1 pow. 2 chtk. 423 tolas. 15. Rs.32as. 16. 1417 mds. 
17. (1) 57358806 dhs. ; (2) 124907002 dhs. 18. (1) 1 cd. 0 md. 25 srs. 
43 tks. 1 mas. 5 ratis 3 dhs.; (2) 1 cd. 4 mds. 8 seers 46 tanks; (8) 
9 cds. 1 seer 46 tks. 3 mas. 19. (a) 160217 tolas; (b) 228139 tolas. 
20. (1) 12 mds. 6 viss 35 pals; (2) 50 cds. 15 mds. 7 viss 24 pals; (3) 
9 cds. 17 mds. 1 viss9 pals. 21. 23!9 lbs. 22. (1) 6345789 javs. ; (3) 
9792488 javs. 23. (1) 42 yoj. 3 kos. 904 dhds. 1 hth. 2 ang. 2 javs.; 
(2) 1 yoj. 1121 dhds. 1 hth., 8 ang. ; (3) 945 dhds., 2 hths.; (4) 27 yo}. 
52 dhds., 2 hths. 24. 224 yoj., 1 kos., 774 dhds., 4 mus. lang. 25. 80 
yoj. 1 kos., 19 dhds., 1 hth., 1 big. 2 angs. 2 javs. 26. 2398 annas. 
27. (1) 1 ac. 5 gunths., Jans. ; (2) 10 ac. 11 gunths., 2 annas. 28. 1711 
ac. 87 gunths., la. 29. 16 ac. 23 gunths., Yans. 30 (1) 61995 gandas 
or sq. cubits ;,(2) 42538 gandas or sq. cubits. 31. (1) 1 big., 1 cos., 11 
gands.; (2) 1 big., 12 cos., 5 chtks., 17 gands. 32. 136 big., 7 cos., 3 
chtks., 6 gands. 33. 10 big., 7 cos., 9 chtks., 15 gands. 34. (1) 9499 
kas.; (2) 4677 kas. 35. (1) 3 big., 2 pas., 6 kas. ; (2) 8 big., 18 pas., 19 
kas. 36. 1533 big., 18 pas., 4 kas. 37. 6 big., 12 pas., 198% kas. 38. (1) 
574834 sq. ft.; (2) 674519 sq. ft. 39. (1) 15 mas., 1591 sq. ft. ; (2) 13 
cas., 84.sq. ft. 40. 1822 cas. 5 mas., 2055 sq. ft. 41. 3 cas. 18 mas., 
11863 sq. ft. 42. (1) 8159 chataks; (2) 21443 chataks. 43. (1) 1 md., 
Pe dng 1 rk PD Ei tk. chatks.; (2) 2 mds., 1 pa., 1 kk., 2 chatks. 
44. (1) 446375 tanks ; (2) 726781 tanks. 45. (1) 2mudhs., 1 phs., 9 pays., 
3 srs., 1 tip, 4 tks.; (2) 8 mudhs., 12 phs., 6 pays, 29 tks. 46. (1) 68411 
ollucks ; (2) 88813 ollucks. 47. (1) 20 gars., 36 phs., 1 mkl., 7 pds., 
7 ollucks; (2) 26 gars., 23 phs., 1 padi, 6 ollucks. 


Exercise III. 
1. (a) 2, 3, 4, 6, 8,9; (bd) 2, 3, 5, 6, 7,10; (c)7; (@) 2, 4,8; (e) 3, 9. 
2. (a) 3%, 5; (b) 8, 8, 73 (0) 5, 73; (d) 2,5, 113 () 11, 3. (a) 118, 127, 
131, 137,189, 149; (b) 557, 568, 569, 571, 577, 587, 598, 599; (¢) 953, 
967, 971, 977, 983, 991, 997. 4. (a) 191: (b) 433; (c) 983; (d) 997. ° 5. 
(a) 25; (b) 108; (c) 358 ; (d) 940. 6. (a) 3; (b) 4; (c)O; 7 (a) A, 2, 8, 
4, 5, 6, 10, 12, 15, 20, 80, 60; (b) 1, 2, 3, 4, 6, 1, 12, 22, 33, 44, 66, 182; 


11, 13,19; 3, 3, 2,18, 23. 10. 7 x 397, .*. not prime; 3, 13, 17, 81, 41. 
11. 27, 3’, 7, 31 = 62 x 63 x 64. 12, 32, 5%, 11, 47,101. 13. 424; 423 ; 
427. 14. 10, 315; 14, 925; 15, 210; 18, 175; 91, 150; 25; 126; 30, 105; 
35,90; 42,75; 45, 70; 90, 68. 15. 939125. 16, 40, 0) 17, 19.° 17. 
940523. 18. 5057. I9. Prime. 20. 191, 198, 197, TUelt al. BO. 22. 
119. 
Exercise IV. 

r. (a) 46; (b) 45; (c) 48; (d) 18; (¢) 6732. 2. (a) 4; (b) 7; (c) 221; 

(d) 493; (e) 2631; (f) 31; (9) 1507; (h) 2431; 11, 13, 17, 17, 143, 187, 
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221. 3.4 in. each. 4. 1$d. 5. Rs.101 Tas. 5p. 6. 4 yds. 1 ft. 7. 
3 ft. 3 in. 8. 28 days 14 hrs. 22 min. 34 sec. 9. £25. 10.18. 11. 
Boys, 17 classes; girls, 11 classes; total, 28 classes. 12. 2911, 7067, 
la. 5p. 13. 124. 14. 34. 15. 11 seers; 1098 and 1275 bags. 16. 124. 
17, 159. 18.117. 19. 221; remainder 183. 20. 31; remainder 25. 
21. 138. 22. 2 ft Lin. square. 23. 3ft. square. 24. 4 ft. 25. 160 oz. 
26. 385, 525. 27. 343, 5929. 28. 1197; 1995; G.C.M. 399. 


Exercise V. 


I. (a) 209509 ; (b) 39312; (c) 121481 ; (d) 71299; (e) 810284; (f) 2520; 
(g) 834639305 ; (h) 5040. 2. 6600. 3. 18249840. 4. 2, 32, 72,13; 8, 5%, 
117 18; 2, 8%, 5%, 77, 11, 18. 5. 2597964. 6. 9%, 8,5, 13, 117, 41,79, -y, 
2520; 2688; 2856. 8. 306520. 9. 729. 10.216. 11.1 min. 23sec. 12. 
116 yds. 1 tt. ll in. 13. Rs.40 das. 14. £2012s. 6d. 15. £1 8s. 102d. 
16. £21. 17. 17550. 18. 544. 1g. 1109893. 20. 5040 mi. ar. 78 sec.; 
45, {t.; 182 steps. 22. 880 ft.; 352 times. 23. 37 min. 24 sec. after 
midnight. 24. 1728000. 25. 42min. 26. 1 min. 24 sec. past twelve; 
6 times (including first and last). 27. 6 sec. 28. 7 hrs. ag. 11 times. 
30. 30 ft. 4 in.; 174 times. 31. 84000. 32. 3000 days. 33. 2 hours 
from starting. 34. 22 hrs. 35. 24 min. 36. A, 10; B,15; 0.8. 37. 
4.* 38. 3} min.; one runs 266 yds., the other 287 yds. 39. 23 min; 
would lose. 40. B; 188 ft. qx. 40 min. 42. B; 433 ft. 43. 9 min. 
27 sec. 44. (a) 63 mi. and 8! mi. from their common starting-point; 
(6) 1$ mi. from starting-point, at end of 75 min.; (c) 15 hrs.; A, 165 
mi., B, 195 mi. 45. 362 min.; 110 yds. from starting-point; A, 53% 
rounds, C, 504 rounds; twice.* 


Exercise VI. 


I. 29. 2. O76. 3. 27225. 4. 4; 12 in. 5. 33:15 ft. 6. 1921 ft. 
7. 407. 8. 2 min. 6 sec. g. 99 min. Jo. 12 sec, rz. 420. 12, 140; 
135; 126. 13. qahp. 


Exercise VII. 


t. 31920; 8. 2. 29; 89148. 3.35720. 4. 98611128. 5. 37,11) 13 
3, 5, 11,18; 429; 1512. 6. 31385; 31036500. 7. 252; 1081080. 8. 703; 
1234455346. 9. 999663; 100203. 10. 179; 98450. xz. 117; 23400. 12. 
7609; 8316. 13. 2137. 14. G.C.M.17; L.C.M. 62985. 15. 14 days 7 hrs. 
11 min. 17 sec. ; 2674 days 0 hrs. 9 min. 59sec. 16. 5 ways; 1, 2,3, 4, 6in. 
each, 17, 27,7, 13; 23, 37, 5) Ve odd as, G.C.M. 3: TON aoe 
19. £14 14s,; 2s. 4d. 20. 980; 924. 21. 2091; 3621. 22. 132 ff.; 93. 
23. 5005, 1001, 55; or 1001, 715, 385. 24. 99. 25. 30ft.4in. 26. 77. 
27. 10s. 28. 72. 29. 429. 30. 20 at £80 12s. 10d; 104 at £80 12s. 11d. 
31. 13 plots. 32. 1004 lbs., 6.6 lbs., 3022 lbs. ; (a) 49, 144; (0) 3, 10; (c) 
147, 492,-400. 33. 1,2, 8, 4, 5,6-8).0,.10; 11, or 12 fh.» oa eas 
35. 11, 13,17; ¢d.; 28d.; 3kd.; 440.; 25. 113d.; 3s. 108d.; 45, Y4d.- 
ts. 9d. 36. 144 lbs. avoirdupois. 37. Jan. 1 to Sept. 80 = 278 days; 
273 is divisible by 7. 38. 27, 896; or 99, 108; or 9, 1188; or 36, 297. 
39. 550. 40. 3607. 41. 13. 42. 7, 420; 28, 105; 21, 140; 35, 84. : 
10647. 44. 11088; 997933. 45. 4; portions being 1d., 3d., 1s. 1d., 8s. 3d. 
46. 37180. 47. 1071; 1547; 4641. 48. 90 sec.; they meet when they 
have run 528 yds. and 550 yds. respectively. 49. 23; 1610; 1518; 8211 
50. 60, 70, 84, 105. 


* Excluding times when together at start and finish. 
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Exercise VIII. 
I. f§. 2 2. 3. 193%; 385; 56. 4.4%. 5. 3, 2 d, ib, 6. 4 


greatest; 7; least. 7. (1)23,3,%;3 (2)32%%6; 815 8 ae greatest ; 

23 " : 

973 least. 9.25. 10.1}: 11. 3. 12. (i.) 1438; (ii) 193. 13. 3,. 14. The 
1 


first by 251. 15- 338. 16. 12; 307; 16; ity 17. 846. 18. 133 3}. 19-3 
3o We an ge ae ae is’ MiB e Ga 2 ae Bn 6, 200018 
27. Ts; 18. 28.9. 29. fy. 30. 221. 3r. SIS. 32. 4575; 94; 4872. 33. 8. 
34. 24. 35.16. 36. 29 times; remainder 36. 37. 13. 38. 3]}; 13. 39. 264. 
4o. 8} and 7}. : 
Exercise IX. 

Ie]. 2 7 3 te 4 G3 ds aes ans 33 Se ae 

o. &. xx. 1050. "ra. 2. 33. 4190. 14. 31. I 
8. 9. 19.2. 20.9. 21.5%. 22.2. 23. fU%. 24.32. 25. gp- 


; (b) 53 2. (a) 835 (b) fs 3 (@) Uiges (6) B38. 4 

; (d) Sth 5+ (A) Ys (0) sii. 6. (a) BBs (6) 29455 

b) df. 8. (2) 536 5 (0) 518. g. (a) #; (0) 68; (c) 18333. 
yAChees (2) 165. 11. 1. 12 Lig. t0R. 14. 15). 


1 

2. 
18. 28. if. 20. dite 
37. 44. 38. 1. 
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Exercise XI. 
1. 28. 3 B 4 UR 5 6 18. 74. 8 HO HB 
LI. av, oes 


Exercise XII. 


I . — 2}. ars b aed 4 3. Pe 1332, 4. — 3h. 5: = 3 . 6. — 72743. 7. 0. 
8. —} 9. — q- Io. — i. 


Exercise XIII. 


1. f- 3 9. 4. 2. 5. 1. 6. 153,. 7% 8. 23: 
ur. 1. 12.1. 13. 7g. 14. 38%. 15-4. 16. 1y5- 17: 18. % 19. Hqual 


Exercise XIV. 


1. 21 yds. 1 ft. 11hin. 2. £20725 1%7s. 6d. 3 2526 ac. 2 ro. 28 po.; 
1895 ac. Ords.1 po. 4. Rs.15. 5. 4500. 6. 940. 7. 733 mi. 8. 10s. 9. 8, 
12,16. 10.17 tons. 11. £160 11s. ; fs. 12. Rs.16 14as.; Rs.27; Rs.18. 
13. £26 3s. 9d.; £2116s.5}d. 14. Rs.1 Gas. 6p. 15. Rs.159060. 16. 162. 
17.42%. 18.75 gals. 19. 4. 20. £2500. 21. Rs.15. 22. 78 tons 15 cwt. 
23. Rs.189. 24. £7 8s. 25. 240. 26. Rs.80; £1 10s. 27. 16 half- 
crowns ; 40 shillings ; 80 sixpences ; £6, 28. Equal. 29. £1 10s.; 7s. 6d. ; 
83. 30.50! mi. 31.4} mi. per hour. 32. £2 15s. 6d. 33. £70 iat 2d. 
34. 728.4500. 35. A, Rs.490.6.3; B, Rs.236.3.0; C, Rs.437.12.9. 36. 
G1 6s. 8d.; £1 3s. 4d.; £1 8s. 4d. 37. 29.2.3.10; Rs.2.9.8. 38. A, 
Rs.40.5.9; B, Rs.53.12.10; ©, Rs.18.13.0. 39. £7070; £5050. 40. 
Rs.200. . 41. 3%; 38; 8; &; £4077; £9718; £1812; £1208, 42. Man, 
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Rs.4.8.0; woman, Rs.3.8.0; girl, Rs.1.4.0; boy, Re.1.0.0. 43. 16 mi. 
44. Rs.122 8as. 45. 6600. 46. A, 2100; B, 2180. 47. 39 drs. 48. A, 14; 
B, 23: C, 3}. 49. 4. 50. £123 3s. Od. 


Exercise XV. 


1. 21:009207. 2. 71248-230299. 3. 4246-9024. 4. 899:24467. 5. 0:0055234. 
6. 59°73286. ‘7. 2°3794730796. 8. 64712258. 9. 615424. 10. 465°5205077. 
11. 0000000001. 12. 62245. 13, 6°7392 mi. 14. 27595°8; 0-0275958. 
15. 0:0000403. 16. 123°454321. 17. 576°8657650809; 5768657-650809. 
18. 2°78; 0-278; 0-0278; 0-00278; 0-000278. 19. (a) 5-92; (b) 16500; 
(c) 31240; (d) 15020; (e) 514720; (f) 0:0051472. “20. 0:0179143038; 0-1; 
0:000001 ; 0:000168... 21. 0°028; 30100; 0-0000301. 22. 32:5; 8250000. 
23. 0:0029. 24. 8125; 0-:08125; 8125. 25. 4°84. 26. 6-016; 0-94. 
27. O11 in. 28. 937 lines; 0-02268 in. 29. 0°35. 30. 32. 31. 50. 
32. 2127547551 ; 2°50698252 ; 2-5799608744 ; 0-1. 33.0°6. 34.0:1; 000004 ; 
10; O01. 35. 0°98. 36. 70575; 0:070575. ~ 37. 0:000003008756375. 
38. 0:04375. ~ 39. 0°3474 73100-81239. 4o. 0-9. 4r. “932402 : 0:02578176; 
0009216. 42. 11°31, 43. O-0481. 44. 13°279. 4s. 00046. 46. O°l. 
47. 1185. 48. 05269. 49. 1:01. 50. 3°024025. 


Exercise XVI. 


I. 62778279. 2. 37°965. 3. 2096°90. 4. 1000°78109. 5. 80781136. 
6. 1398°245677. 7. 40°999. 8. 0°247783. 9. 630°392. 10. 307°81507. 
11. 116°518. 12. 112894. 13. 0°19598. 14. 0:0746275. 15. 0°0000499. 
16. 271-09. 17. 0:00567. 18. 52°553. 19. 10-2238. 20. 27830. 
21. 4:36272. 22. 51°035. 23. O'79870. 24. 1°7320. 25. 0°312163. 
26. 21°18027. 27. 9:24873. 28. 0°388. 29. 2°1958772. 30. 4162188-8615 ; 
1684°8833. 31. 3°5638; 10°764 sq.ft. 32. 1°04586492. 33. 405°186. 
34. 1'7647; 54615. 35. 17810; 9:99954. 36. 6°53809. 37. 0°'71828183. 
38. 0°1666. 39. 2°7182818. 4o. 1°12500. 


Exercise XVII. 


I. 54°:375; 45°625. 2. 41; 4:65in. 3. 124and0-00123. 4. 0°5. 5. 
£5948 15s. 6. 51}. 7. 46°18. 8. 250667; 0:003 oz. 9g. 153 times; 
O'011 pt. over 10. 2037. 11. 54 doses and 0:00096 gr. over. 12. 9°869. 
13. 85; O27 in. 14. £234 2s. 6d. 15. 240 parts. 16. 25°6. 17. 12807; 
0:0009 oz. 18. 38. 19. (1) 3:°3d.; (2) 34d. nearly. 20. 1:28 oz. 
2 Ogos. 22. 277278. oe 0-2205.. 24. “Lin 7-777. 25. 123°3 grs. 
26. 123°2744. 27. 32 hrs. 85 min. 28. The third. 29. 196960000. 
30. (a) 7639'4194; (b) 0:3183. 31. 0:000315. 32. 0°225. 33. 35 in. 
34. 3°15735. 35. 9°87° 

Exercise XVIII. 

I. 07125; 0:0625; 0°1093875; 5:046875; 2°5625; 0-072, 2. 0°482; 
0°95; 1:093875; 0:0044; 36°57; 0°00016. 3. 4; 3; 8; 174%; 4; Ons; 
1335 323. 3833 Tosser «= 4 O75... 5. 27; 0°27; 0:00027; 0:097485; 0:25. 
6. 0:0058892. ‘7. 0°2496. 8. 77%. 9g. 0°0023475. 10. 3:14286; 314159. 


Exercise XIX. 


1. 0°6; 0:109 ; 0-1571428 ; 1-257 ; 2:076925. 2. Ov; Si 0:01236 ; 
1-488 ; 50576929). 3.4; As firs BR: ath, 4 Shs Ts th 
29000. 0:208125; 4993076. 6. 5:307; 0:03; oW0r8 0857142, 7. 
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sg ales me i 0-001. 9g. 0-076923; 0142857; 0-923076 ; 
. 5 10. O802 Fr. OB27. 12. th, th, tip: NGtememe de Oo aye 58 
1721, 5, 132 10? 11> TTD 3: 925: 14. 93 335 90 
Exercise XX. 

r. 60364455. 2. 99 or 10. 3. 25°608i. 4. (i.) 19551; (ii.) 195. 
5. 0°116 ; 0000001190476 ; 1:142857 ; 1:2595249. 6, 0-003886 ; 00034749 ; 
0-00179487 ; 0:00915477. 7. 1111093. 8. 02252286. 9.4. 10. 1. 
rr. 0°. 12.0% 13. 14°84. 14. 99°227. 15. 0:00003401. 16. 3%. 
17. 95542, 18. 0:4487986. 19. 11:4690. 20. 2. 21. 498461862. 
22. 0°046. 23. 0:03571428. 24. 2°285714. 25. 0°142857. 26. 
0°6230769. 27. 213400; 400. _ 28. 0:00086. 29. 0:009.. go. 110; 
0-13. 31. 123; 15925. 32, 0:0675; 0-2566. 33. 0°75; O-7538461. 34. 
2; 0-015. 35. 10°9891. 36. 5 = 0°1439 ; hy = 0°0984; 1§ = 1461538. 


. 


37. 3°62076923 ; 0°1076923. 38. 192356-70864. 39. 0-111. 40. 0:0015873 ; 
O-O156L . . .; 01016725. ~ qx. 0-0116. 42. 0:0026 43, 0:012345679 ; 
3°9. 44. 51°26. 45. 0°0526 nearly; 0°75. 46. %. 47: 124, 48. 
0:012345679. 49. 867, 50. 4°48. 


Exercise XXI. 


I. $4. 2. Rs.2423 as. 8p. 3. 56. 4. Rs.246 Sas.; 180ac. 5. 69. 
6. 24. 7. Too large; £4 1s. 177d. 8. £120. 9. First clerk, 5s. gid ; 
second, 62d. 10. £128 8s. 113d.; 1:11329. 11. £1 1s., 12. £179 4s.; 
117649, 73. 1440 ac. I4-q3g5 1G 15s 87. 16. 0:00378657 in. 


Exercise XXII. 


1. Tas. Tip. 2. 4d. 3. %1 0s. 4. Rs.51 12as. 5. Rs.174 Yas. 
6. 7s. 7. £45 4s. Td. 8. Syed. 9. 8s. Od. 10. 2 hrs, 113} min. 
11.2ac.3rds.10 po. 12. Rs.7.10.4}. 13. 18 po. 14 (a) 1 1b. 1 dwt. 
16 grs.; (bd) 13 02. 44 drs. 15, 28 seers. 16. 23 mds. 


Exercise XXIII. 


LH. 2 th 4 ati he Soh 6 HE 7 HS 
g. §. 10. % Il. 73 3 12 gu 13. §. 14+ 159: 5+ 30) 69° 16. 7 
17. § 18.71. 19. 31. 20. 1 ton 13 cwt. 2qrs. 21 lbs. 21.13 22. qty 


Exercise XXIV. 


1. 5s. 1}d. 2 Rs.29 14as. 4p. 3: 19s. 9d. 4. Rs.3. 18as. Tp. 5: 
la. 3'0702p. 6. £310s.4\d. 7. £99. ~ 8. £31 8s. Bid. 9. £548 16s. 3°475d. 
10.1. 11. 18. 12 3 qrs, 21 Ibs. 14 oz. 13. 4124952 oz, 14. 38 cwt. 
3 qrs. 19°0765 lbs. 15. 8 qrs. 9 lbs. 6 02. 16. 2 tons 8 qrs, 15 lbs. 12 oz. 
17, £46448. 18. 19 yds. 9in. 19. £892'81 ft. 20. 572°88 yds. 


Exercise XXV. 


1. (a) 0°375; (b) 0°8875; (c) 0:184375; (d) 0°790625 ; (e) 0°94875. 
2. (a) 0009; (b) 0°731; (c) 1:370; (d) 2°760; (e) 1103. 3. (a) 14s. ; 
(b) 15s. ; (c) Ts. 6d. ; (d) £3 17s. Td.; (e) 5s.5d. 4. (a) 0°125; (0) 0°878125 ; 
(c) 0°65625; (d) 0328125; (e) 0°01171875. 5. (a) 19 cwt. 2 qrs. ; 
(b) 15 cwt. 2 qrs. 14 lbs.; (c) 3 tons 4 cwt. 1 qr. 5 lbs. 9°6 0z.; (d) 3 qrs. 
14 lbs.; (e) 6 cwt. 2 qrs. 3°36 lbs. 
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Exercise XXVI. 


I. 015625; lias. 2. 0:741015625. 3. 0275625 ; £142 6s. 8d. 4. Rs.54. 
2as. 4p.; 02375. 5. #3. 6. 0°75. 7. 06. 8. 0:15. 9. 0:1875. ro. 24. 
IX. 1:875. 12. 0°0028125. 13. 0°39375. 14. 0°875. 15. 0°3456. 16. The 
greater 3) lbs. ; (1) 0-0000625; (2) 0-01. 17. 0-00125; 0-3125. 18. 
0:049715. 19. 0°0396. 20. 0:40156625 mi.; 2120-2698 ft. 21. 9; 51. 


Exercise XXVII. 


I. £21 5s. 2. Rs.20 18as. 3. 4s. 24d. 4. Rs.18.11.6. 5. 9s. 7d. 
6. Rs.32.11.3. 7. £946 7s. 11d. 8. Rs.236 4as. 9p. 9. £37 19s. 7-02d. 
10. £1 12s. 103d. 11. 7 tons 17 cwt. 1 qr. 12 lbs. 12°119 oz. 12. 3 tons 
5 cwt. 2 qrs. 21 lbs. 13. 7s. 14. 2 days 13 hrs. 15. (a) 6s. 43d.; 
(6) 229-24... lbs. 16.44:007. 17. 253 po. 18. 3 cwt. 1 qr. 11 lbs. 


Exercise XXVIII. 

1. (a) 1:05; (b) 0°952380. 2. 0:5; 0:25; 0:2; 0°125; 0-1; 0:05; 0:025; 
00125 ; 0:00416 ; 0:002083 ; 0-0010416. 3. 0:169729. 4. 0-109875 ; 0-025. 
5. 0:0072916 ; 0°571428. 6. 0:12625; 0:12916. 7. 3; 0°354. 8. 09114583. 
9. 3°539142857. 10. 0°809523. 1. 0°011505681. 12. 0-09. 13. 3 qrs. 
14 lbs.; 000305. 14. 19°33. 15. 33; 0:317410714285. 16. 0-01; 
Rs.362.6.3. 17. 0°03. 18. 0°0625. 19. 0°416. 20. 675°79. 21. 3 tons 
4 cwt. 1 qr.; 0-3. 22. (a) £1:47900081 ; (b) £1 9s. 7d. 23.0°6. 24. 0°46. 
25. 0:0000495. 26. 0°85. 


7 Exercise XXIX. 
I. 37 6-2 £210s. 3, Os. 4.3. 5 1. 6. 14. 7 1. 8 1. 9. 
Io. 0. «1.0. 12 145 13. - 1 
18. #3. 
Exercise XXX. 


I. 514:29 fr. 2, 339°95 fr. 3, 194°8 fr. 4. 6°52 fr. 5. 12-49 fr. 
6. 14:98 Kg. 7. 5 fr. 65 oc. 8. A, 40; B,/85; 0, 25. 9. 0:00227 |. 
To. 21°86 fr. «1. £691. 12. £1109 15s. 4:°7712d. 13. £106 1s. 26d. 
14. 1587°31776; 720. 15. 2551217270. 16. £3 18s. 43d. 17. 8s. 1:3199d. 
18. 420000; 350000. 19. 0°153428; 452000. 20. 10 Dm.; 1400000 cm. ; 
633°6 Km. 21. 90. 22. 149375 Km. 23. 52; 08 cm. 24. 1:23 mm. 
25. 17°7165 in. 26. 6437°376 m. 27. 41 Km. 817 m. 60cm. 28. 0°634. 
29. 50H yds. 30. 1267 Km. 200 m. 31. 1609°347; 6218 mi. 5 fur. 
23 po. 4 yds. 1 ft. 10 in. 32. 160°9307. 33. 3069-08696; 935:42 .. . 
34- £1 11s. 83d. 35. 52 m.62 cm. 36. 5s. 4:32... .d. 3%. 7 fr. 75 c. 
38. 295°8 Km.; 382°8 Km. 39. 14s. 8d. 4o. The higher price = 3s. per 
yard; 1}id. more per yard; 163 c. more per metre. 41. £91 17 33d. 
42. 24975°025. 43. 24854 mi. 6 fur. 84 yds. 1 ft.4 in. 44. 8955-76 mi. 
45. 7911°708 mi. 46. 24855 mi. 522 yds. 0 ft. 8in. 47. 24855. 48. 32:26 
fr. 49..H:F::1:09:1. 50. 0°7382. 51. 7874 ft. 52. 8802626 fr. 53. 
10000 fr. per kilogram; 3 ft. 3 in. 54. 402°875 sq.m. 55. 1644°5 fr. 
56. 99°22 fr. 57. 0:00725; 0:22055. 58. 0:0175; 0-000000028. 50. 
_ 0000024843. 61. 2352°25 sq. m.; 1:8639 Dm. 62. 2-47lac. 63. 
£2 2s. 1:26d. nearly. 64. 233} per cent. ; 2°97(75) per cent. 65. 436666 fr. ; 
£1746 13s. 4d. 66.125, fr. 67. 58749 fr. 68. 0°0929. 69. 2398-7304... 
70, 47°75, ir, 71. 247, 72, 1087 fr,. 66 ¢,. 73. 8707-23: £99) 155. Od. 
74. 19526. 75. 303°36 Ha. nearly. 76. £84. 77. 27:-43140625 Ha.; 
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179243 yds. 78. 0:003; the latter. 79. 2471. 80. 9673 fr. 81. 255 
c. dm. 92 c. cm. 304:71 c. mm. 82. 291663 g. 83. 451269 Kg. 84. 
1698345 c. dm. 85. 4816c,.m. 86. 2:3]bs. 87. 28. 88. 153g. 89. 
51233 Kg. go. 35°4 nearly. 


Exercise XXXI. 


1. Rs.32805. 2.10s.; 3s. 4d.; 5d.; 3d.; £5372 16s. id. 
3. (i.) Rs.20986 14as.; (ii.) Rs.21186 12as. 4. £7309909 8s. 6d. 5. 
Bs.309172 Sas. 6. £436955 16s. 6d. 7. £27407 13s. 2d. 8. Rs.765 10as. 
g. £1571 9s. O§d. 10. Rs.2944 la. 4p. 1. £30 14s. 5d. 12. Rs.63363 
la. 4p. 13. £11346 9s. 119d. 14, £3342 1s. 6d. Rs.2789 4a. 11p. 


Exercise XXXII. 


1. £3 14s, Gid. 2. £814 9s. 11jd. 3, £59 17s, 4fd. 4. £1 3s. lid. 
5. £12 3s. 9°1375d. 6. £134 12s. od. 7. £183 14s. 13d. 8. £45 7s. 3d. 
g. £156s.1}d. ro. £1407 11s. 9jd. 11. £6 5s. 93d. 12. £8. 13. 2790 mi. 
6fur.1.po.lyd.9in. 14. £654s.7jd. 15. £1634 8s. Tid. 16. £256 5s. 4d. 
nearly. 17. £2512917s. 10jd. 18. £136 18s. 33d. 19. £1179 12s. Old. 
20. £1147 5s. 1d. 21. Rs.861 14as. 10p. 22. Rs.1209 ia. lp. 23. 
Rs.197 12as. lp. 24. Rs.4527 3as. 2p. 25. Rs.174 12as. 63p. 26. 
Rs.709 l4as. 5p. 27. Rs.6639 l4as. 4p. 28. Rs.2763 Gas. 4p. 29. 
Rs.129 15as. 2p. 30. Rs.4192 das. 7p. 31. Rs.2065 15as. 11{p. 
32. 1 cwt. 5 lbs. 1502.8 drs. 33. Rs.845 0a. 8p. 34. Rs.606 6as. Tp. 
35. 88 mds. 326 srs. 36. Rs.275 das. lip. 37. Rs.151 Tas. 5p. 38. 
Rs.43 Jas. lp. 39. Rs.498 8as. 4o. Rs.274 das. 10p. 41. 4 caudies, 
19 mds., 7 viss. 42. Rs.127 das. Ofp. 43. Rs.96 2as. llp. 44. 
Rs.120 4as, 10p. 


Exercise XXXIII. 


Rs. a Dp. m8, 8. £ 3. d. 
tI 1s Zeal. 8 4 3. 10" Be ig 
O..oere 2.9 4 eee meg 
1 28 Reinet 110 4! 
012 8 6162.0 011 8} 
137 0 5 16 1213 6} 
eee foo): 8 Rs. a. p. £. ) See 
4. 0 13 10} % 78 12 0 6. (0-128 
215 9 97 13 6 Liat 
£ 2S5 51 3 0 0 2 9 
2 9 103 ei tte 0 7 103 
014 4} few) 0 0 2 OF 
018 9 Lire 
11 10 Of 78.3 6 $8). 16sa3 


2g.7 l4as. 6p. 8. £2 19s. 3id.; 8) ibs. g. 1s. 4d.; total cost to 
nearest penny = 1s. 5d. 10. £30 7s. 4d. 


Exercise XXXIV. 
1. (a) Second by jy; (0) alter 2 to 7, 2.5. 3 gg. 4. £128 8s. 11hd. ; 


111329. 5. 4. 6. 498, 7.155, 8 33; 80. 9. 2:1; 331. 10. 144; 180. 
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II. (@) 27:88; (b) 285 > 184. haz. 4ayeo0 91; (0) 2:3. — ageeiay er: 

(d) 2. 14. 4 113, 15. 7. lh otGe age von a7 1 : 56782: 314; 3.° 1S oes it. 

Ig. 8: 138. "20. 451 : 455. ae 12: oi 22. £11 15s. ozd. 23. 7:15. 

24. 117649 : 262144, or 7°: ; £25 12s. 25. 252. 26. £185. 27. 

Rs.750015. 28. 10:7. 29. js: ei go. os. 1°3199d. 37. 15s) pater 

5s. 0°29d. 33: 8:15, 34. 280.8 Sha 19817. 30.27: 23. 37 UR eo 
; 28 : 35 : 36. 


Exercise XXXV. 


I. 3136. 2. 25. 3. 204. 4. 16640. 5. 25. 6.23. 7. 0-656. 8. 
17 cwt. 1 qr. 14 lbs. 4 ozs. g. (a) 0°0005; (6) 14284; (c) 18. ro. 19s. 3d. 
11, 2356300800. 12. 4. 13. 31 ft. 6 in. a 8294400. 15. £28 11s. Ofd. 
16. 68? tons. 17. Rs.247 l4as. 8p. 18. 5 19. £173 3s. 61d. 20. 
ns.50U0, 21. 14810625," “ean -oaiar. *.°. ge 1875 gals. ; 1869-63 lbs. 
24, Rs.279. 25. 3id. 26. did. 27. 9 yds. 28. 640. 29. £3 15s. 10d. 
30. 5°23 mi. 31. 994. 32. 24640. 33. 79 ft. 34. 17 lbs. 6:4 oz. 
35. £1443 4s. 33d. 36. £2 5s. 13d. 37. 845. 38. 75 days. 39. 6 days. 
4o. £21 14s. 11d. 41. 15 days. 42. 5000. 43. 20 days. 44. 12800. 
45. 1900. 46. 400. /47. 138i wks. 48. 32 days. 


Exercise XXXVI. 


1. 70 days. 2. 1050. 3. 180 knots. 4. £155 5s. 5. 1250. 6. 30 
days.. 7.12 oz. 8. 8 wks. g. 28 days. to. 633 days; 5917 hrs. 11. 
Rs.1482. 12. 3 hrs. 20 min. 13. 1000. 14. 662 men. 15. £21 Ts. 6d. 
16. 8 reams. 17. 3584. 18. 24. 19. 90. 20. £182. 21. 15 men. 
22. 90. 23. 16 hrs. 24. 8. 25. 514%. 26. 5. 27. 102 days. 28. 133. 
29.1414. 30. 20. 31. 48. 32. 2293) 33. 10. 34. 25. 35. 2. 36. 66. 
37. 33 days. 38. 24500. 39. 6:24. qo. 19. 41. 175. 42. 182 days. 
43. 95}. 44. 51. 45. 584 days; Rs.38412 8as. 46. 23. 47. Half as fast 
again. 48. £261. 4g. 80°43. 50. 340 ft. 


Exercise XXXVII. 


I. Rs.45; Rs.494; Rs.50. 2. £3550, £3124, £2982; £3536, £3128, 
£2992. 3. A, Rs.7527 Gas.; B, Rs.38763 llas.; C, Rs.1254 Yas. - oD. 
Rs.313 10as. 3p. 4. £7560. 5. M, £6 15s.; W, £5; B, £38 12s. 6. 
243 days. 7 A, Rs.10 2as.; B, Rs.8 -7as.; C, Rs.6 12as. 8. £8; 
£9 12s.; £5 6s. 8d. 9g. A, Rs. 1600 ; B, Rs. 10663 ; G, Rs.800; D, Rs.533. 
to. A, £240 8s. 14d ; B, £120 4s. ‘03d. ; 07296 3s. 38d..;/-Di £80 Qs. Sid. 
11. £2860. 12. A, £37 13s. 8d. B, £37 Qs. Tds5 20; £36 11s. 6d. 12: 
£543 15s.; £362 10s. ; £271 17s. 6d. ; £392 14s. 2d. 14. Rs.15. 15. 
112; 24. 16. 42,70,110. 417. A, 864 ac.; B, 1440 ac.; 0, 2304 ac. 18. 
£50 6s. 38d. 19. £336. 20. (2) 320; (b) 360 ; (c) £384. 21. In the last 
four. 22. Rs.146 1l0as. 8p.; Rs. 204 Bas.; Rs. 275. 23. 5904; 1476; 
492. 24. Rs.314 9as. Sp. . 25. (1) £11244 15s.; (2) £4293 9s.; (8) 
£38436 12s. 26. M, Rs.3; W, Re.1 Bas.; C, Re, 1. 27. tis ab ear a, 
Rg.12375."'B, Rs. 17750. . 


Exercise XXXVIII. 


1. £78; £104. 2. £974 15s. Bld. 3, £825; £450; 20-per cent. 
4 Rs.120; Rs.150; Rs.180. 5, £165. 6. Rs.4000; Rs.16000. 
7. £295; £177. 8. 48; 42; 18; Rs.2496 18as.; Rs.3265 1a.; Rs.8649 
das. g. (1) £265; (2) £113 15s. to A; (3) £136 10s. to B. 10. A, 
Rs.10000; B, Rs.15000. 11. Rs.60; Rs.40; Rs.100. 12. A, £4000; 
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£1523); B, £2500; £95112. 13, £20210s.; £225; £2815s. 14. A, £90; 
B, £81; C, £108. 15. Rs.67 8as.; Rs.72; Rs.73 8as. 16. £32 10s. ; 
£29 5s. 17. B, £245 17s. 10:002d.; A, £91 9s. 7:99d. 18. Rs.2250. 
19. £13 1s.; £10 9s. 20. Rs.387 8as.; Rs.62 8as.; Rs.147 8as. 21. 
A, £105; B, £225; C, £240. 22. £1066 13s. 4d. 23. A, £11 16s. 3d. ; 
B, £9 10s.; O, £11 19s. 7d. 24. £1155. 25. Rs.169 14as.; Rs.34 
Gas. 26. £500; £540. 27. A, Rs.1950; B, Rs.3105: 28. A, £8883); 
£4428; £55518. 29. A, Rs.517 8as.; B, Rs.828; C, Rs.1012 8as. 30. 
A, £3233 10s. 8°59d.; B, £2014 18s. 0:25d.; C, £2401 11s. 3:16d. 31. 
A, £80; B, £90; C, £84. 32. A, Rs.270; B, Rs.120; C, Rs.112 8as. 
33. £630. 34. A, £230; B, £300. 35. A, £18 and £20; B, £27 and £30. 
36. A, Rs.24000, Rs.12000, Rs.3200; B, Rs.36000, Rs.12000, Rs.2400 ; 
C, Rs.48000, Rs.12000, Rs.1600. 37. A. Rs.40; B;Rs.42; C, Rs.50. 
38. A, £18400; B, £122663. 39. (1) 2, 33, 3; A, £105; B,£78}; 0, £126. 
4o. Rs.10400. qr. A, Rs.34; B. Rs.34 8as.; C, Rs.845as.4p. 42. £320. 
43. A, Rs.7000; B, Rs.8500; ©, Rs.20000; Rs.20000. 44. (1) £18; 
9 per cent.; (2) £40 10s.; 134 per cent.; (3) £66 2s. 6d.; 174 per cent. 
45. A, £53 11s. 0°64d.; B, £53 6s. 0-16d.; C, £73 2s. 11:2d. 


i 


Exercise XXXIX. 
r. 10s. 2. 420. 3. 1s. 446d. 4. 930°5 fr. 5. £3 18s. 9d. 6. 3s. 9d. 
7. 6d. for 25 apples ; 2d. for 5 pears; 9d. for 10 oranges. 8. 6. 9. £12. 
to. Apples, 66; pears, 44; walnuts, 28; plums, 12; cherries, 42. II. 
6 days from beginning. 12. 544. 13. 14831 days. 14. 56 lbs. 15. 
Tea, 2s.; coffee, 1s. 3d.; sugar 23d. 16. 1s. 3d. 17. 11°285923 ft. 
18. 6250 sq. yds. 19. 11 tons 2 qrs. 


Exercise XL. 


t. £756 15s. 2. £143 6s. 8d. 3. Rs.290 1das. 4. £280. 5. Rs.560. 
6. £500. 7 Rs.365. 8. £730. 9. Rs.750. 10. £860. II. £17 Os. 6d. 
12. £21 15s. 44d. 13. Rs.5802 Oas. 9p. 14. £7 Is. Sd. 15. Rs.149 
Sas. 6p.; Rs.20250 16. £243 11s. 6d. 17. £2560. 18. Rs.778,800. 
19. £3200. 20. £280. 21. Rs.106 Bas. 22. £502. 23. 9d. 24. Is. 3d. 
25. 3a8. 7p. 26.28. 4d. 27. 7s. 3d. 28. lanna. 29. £525. 30. £2330. 
31. £2125. 6d. 32. Rs.18 12as. 33. £540. 34. £150 15s. 35. Rs.999 
by 5as. 4p. 36. £489 10s. ; £564 16s. 1°84d. 


Exercise XLI. 


1. 14s. 9d. 2. 11s. 93d. 3. 10as, in the Re. 4. Rs.3590 las. 6p. 
5. £4009 5s. 6. Rs.463 das. Bip. 7 £677 18s. O3d. 8. Rs.2143 
Tas. 3p. 9g. £2560 14s. 8;jd. 10. £7200. 11. Rs.841 3as. 12. £1345 
1s. 03d.; £1487 17s. 93d. 13. £2468. 14. £1674 4s. 15. Rs.2424. 16. 
Rs.24,000 debts; assets, Rs.8000. 17. £1330 2s. lid. 18. 12s. 6d.; 
£203 8s. 9d. 19. £208 16s. 2d. 


Exercise XLII. 


1. 22 days. 2. 3; days. 3 £2: £110s.; £1 4s. 4. 9 hrs. 35 min. 5 
7 hrs. 11 min. 15 sec.; 6 hrs. 23 min. 20 sec. 5 Rs.7 5as. ; Rs.6 8as. 
6. x. 7 57% hrs. 8. 6)§ days. 9. 63 days. 10. 12 days. Il. 4 day. 
12. 14 days. 13. A, 15 days; B, 10 days; O, 12 days. 14. 20 days. 
15. 74 hrs. 16. 15 days. 17. 12s.; 10s. 6d.; 5s. 6d. 18. Rs.10 Bas. ; 
Rs.9; Rs.1 8as. 19. (1) 32; (2) Rs.576. 20. 13 hr. 21. Rs.45; Rs.86; 
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Rs.9. 22. 4 days. 23. A, 21% days; B, 27), days; C, 51% days. 24. 
A, 6 hrs.; B, 12 hrs.; ©, 9 hrs. 25. 16 days; 48 days; 24 days. 26. 
8 days. 27. 163%. 28. 33), days. 29. 5; days. 30. A, Rs.3 Gas. ; 
B, Rs.2 13as.; C, Rs.2 4as. 31. 7 hrs. 253 min. 32. Tdays. 33. 40 days. 
34. Men, £12; women, £6; boys, £2 8s. 35. 43;4. 306. As 3:7. 37. 
As 5:4. 38. Boy: Man::1:4. 39. 30days. go. 3 men. qt. 113 days. 
42. 32min. 43. 15 gals.; Tgals.; 10 gals. 44. 1920 gals. 45. 4) min. 
46. 22 ft. 47. 5 hrs. 83 min. 40 sec. 48. 33 hrs. 49. 8 min. 50. 
90 days. 51. 428 min. 52. 8fmin. 53. 44 min. 54. 7 brs. 413 min. 
55. 40 min. § 


Exercise XLIII. 


1. 11 cows. 2.14. 3. 21. 4. 4;5 days. 5. 21 days. 6. 60 days. 
4. 14 days. 8.9 men. g. 21 days. 10. 33. 411. 31. 12. 12 houses. 
13. 28min. 14.4 days. 15. 14 taps. 16. 14 taps. 17. 12min. 18. 
400 gals. per min. 19. 18min. 20. 14-076 min., and.3333 of cistern. 


Exercise XLIV. 


1. £90. 2. £108 8s. 3, £3112s.11d. gain. 4. £262 10s. 5. £87 10s. 
6. Gain Rs.3. 2as. 7. £348. Tid. 8. £413. 9. Rs.937 8as. 10. 5s. 5d. 
rr. £2115. 12. £4 3s. 4d. 13, £240. 14. Rs.7 8as.. 15. 56 Ibs. ; 
£33 per ton. 16. 2s. 3d. per pound. 17. £2 6s. 3d. 18. 20. 19. 326. 
20. 293 tons. 


‘ , Exercise XLV. 


1. (a) 400; 70; 2; 262; (6) 7h; 2°08; 3. 2. 255%. 3. Is. Td. per 
yard; 5°26.%; 5%. 4. 19-64%. 5707. 6. 103%. 7 0-075 7866 or 
7865 mi. 8 7:860%. 9. 63% too heavy. 10. 53°05%. 11. £1 4s. 
12. Rs.137 Sas. 13. 2s. 5d. 14. Rs.540. 15. £18. 16. Rs.2 8as. 
17. 6s, 18. £1 18s. 19.7 a shilling. 20. Rs.2 9as. 8p. 21. 16% loss. 
22. Cow, £9; horse, £71. 23. Rs.45. 24. £170; £145. 25. 24d. 26. £2. 
27. RKs.5. 28. Horse, £30; carriage, £40. 29. 183%. 30. 8}. 
ZI. 24. 32. 82:29. 33. 70 mangoes; 235% gain. 34. 77%; 2%. 35: 
Th... 36. 472%. 37. 40875 a8e 1 14s. 2d.; 80°37 7, 3g" 20000: 
go. 500. 4t. 12$0zs. 42. 83hac. 43. 60000. 44. £1 1s. 45. £13333}. 
46. Rs.125. 47. £504. 48. £280 4s, 22d. 49. Rs.12500; Rs.750. 50. 
87:97 %. 51. Rs.121815. 52. £591. 53. £250. 54. 63%. 55. Rs.8682 
Sas. 56. 21% reduction. 57. £791. 58. £32199373000. 59. 457%. 60. 
Rs.3000. 61. 730 fr. 62. 40; 55; 75. 63. 320. 64. (a) 589%; (6) 
12:3%. 65. 22% nearly. 66. 1820°9. 67. 417000. 68. 300. 69. 630.-% 
70. 200. 71. 89%. 72. A, 271%; B, 857%; C, 375%. 73. A, Rs.450; 
B, Rs.900; C, Rs.1850. 74. 1:10. 75. 43°117%; 29:94; 26:947%. 76. 
A, Rs.6120; B, Rs.3060; C, Rs.1020. 77. 2825761; 2560000. 78. 20200. 
79. 2500. 80. 4682718. 81. 4050. 82. 12% 83. 25:62. 84. £875981} 
increase. 85. £1 3s. 7d.; £1 Ts. 1d. 86.5 pies. 87. £723 5s. 88. £210. 
89. 2735 0z. go. 120%. ox. (1) Rs.275 10as.; (2) Rs.252; (3f 93%. 92. 
(1) £1 16s.; (2) 44d. 93. 5000 ft.; £1114 15s. 3:9d. 94. 12°986 Z%. 95. 
9%. 96. £10 10s. 111d. 97. 2% loss; £2 7s. 6d. 98. (1) 22s. 6d. ; 
245, Gd.; 26s.; 25s. 10}d. 99. Rs.75,306,000. 100. £274 13s. 9d. 


Exercise XLVI. 


te £950 Ds. O8d.- ge RO aes: 2%. ge AL a eee 
7. £126 13s. 7d. 8 £82 10s. , 9. Rs.1440. 0, £4488 15s. rr. 
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Rs.3848 12as. 12. £651 2s.; £14668 18s. 13. Rs.14500. 14. £425 17s. 
15. Rs.38608. 16. £2077°922. 17. £1 lls. 4d. 18. £2964 3s. 13d. 
19. £27 4s. 6d. 20. £810s. 21. £1200. ‘22. £75 gained by second. 


- Exercise XLVII. 


1. £71 12s. 2d. 2. Rs.720 Sas. 2p. 3. £17 6s. 8d. 4. Rs.1524 Yas. Tp. 
5. £24 12s. 8d. 6. A, Rs.360; B, Rs.180; C, Rs.780. 7. 517%. 
8. £1966 18s. 4d. 9g. 7s. 6d. 10. Rs.3133 1l4as, 10p. 11. £1300. 12. 
Rs.12000. 13. £3400 in each case. 14. £3200. 15. Rs.12656 das. “16. 
£515 10s. 5°55d. 17. Rs.4994 18as. 4p.; Rs.4424 12as. 4p. 18. 
‘£10757 2s. 6d. 19. Rs.1268 12as.. 20. £2974 16s. lld. 21. 4%. 
22. 86%. 23. 64%. 24. Rs.375; 84%. 25. 727. 26. 447%. 27. 63 7. 
28. 44%. 29. 3yrs. 30. 20h yrs. 31. SO yrs. 32. 224 yrs. 33. 65 
yrs. 34. 200 yrs. 35. 40:41. 36. £1200; £875. 37. 125%. 38. 47%. 
39. 6 yrs.; £105: 4o. £416s. 10d. 41. Rs.670412as. 2p. 42. £710. 
43. £946 8s. 44. £976 11s. 8d. 45. £1835. 46. Rs.1978 2as. 4p. 47. 
(1) £256; (2) £35 4s. 48. Rs.36 and Rs.72. 


Exercise XLVIII. 


1. £251 16s. 4:03125d. 2. Rs.431 8as. 6p. 3. £161 8s. 1°92d. 

Rs.4239 Tas. Tp. 5. £1550 16s. O3d. 6. Rs.1142 Tas. lp. 
7. £324 8s. 9:984d. 8. Rs,156 14as. dp. 9. £78 1s. 4d. 10. Rs.591 8as. 2p. 
11. £160218s. 7d. 12. Rs.5266 6as. 7p. 13. £277 6s. 5d. 14. Rs.446 12as. 7p. 
15. £4496 Os. 4d. 16. Rs.5404 ld5as. I1p. 17, £9061 138s. 1d. 
18. Rs.48 3as.11p. 19. £7323 6s.8d. 20. Rs.531 Tas. 21. £6250. 22. 
£1126°825 ; * £1270. 23. £40 12s. 1d. 24. Rs.65 Oan. 2p. 25. 38. 7°78 .. .d. 
26. 3s.44d. 27. Rs.5000; Rs.5460 2as. 28. £1500 10s. 2°92008d. ; £1400. 
29. Rs.9 4as. 30. £19 4s. 1ld.; £1 13s. 8d. 31. £531 4s.; £531 8s. 9d. 
32. Rs.17500. 33. £2500. 34. Rs.46875. 35. £1 18s. 4d. 36. Rs.420. 
37. £1500. 38. £100. 39. £500. 40. £10000. 41. 3. 42. 100%. 43. 
4%; £1627 12s. 1d. 44.5%; £8 6s. 8d. 45. 4%; Rs.26406 4as. 46. 
Compound; 4%. 47. 25; fourth. 48. 24%; £4000. 49. 13. 50. 2 yrs. 
51. 8 yrs. 52. 8th year. 53. Syrs.; £598 Is. 3d. nearly. 54. 
£207 12s. 6d. 55. Rs.43690 l0as. 8p.; 63%. 56. £10000. 57. 
Rs.9214 3as. 8p. 58. £675 13s. 53d. 59. £4000.* 60. Rs.3389 das. ; 
Rs.71167 lias. 61. £144917s. 62. As 25 : 26; each receives £35106 4s. 
63. Rs.34772 10as. ; Rs.14140. 64. Rs.3906 4as. 65. £1760 8s.4d. 66. 
£21 10s.6d.nearly. 67. £35s. Tid. ; £285 15s. 11}d. 68. A, Rs.34592 ; 
B, Rs.36698 : C, Rs.38933.* 69. £52083}. 
- * By 4-fig. log—22. £1136; 59. £3996; 68. A, £34,782, B, £36,286, C, 
£39,156. | 


Exercise XLIX. 


1. £199 1s. 3d. 2. £2753. 5d. 3. Rs.17 lan. 4p. 4. £83 5s. 2°6d. 
5. £719s. 3d. 6. Rs.3030. 7. £13 14s. 103d. 8. lls. 9. Rs.252 2as. 
10. £6. 11. £47 5s. 12. £3 2s. 6d.; 10d. 13. Rs.27 Sas. 4p. 
14. £11133. 4d. 15. 19s. 8d.; 4:°72d. 16. £266 18s.4d. 17. £125. 
18. Rs.6400. 19. £120. 20. £598 los. 731d. 21. Rs.80000. 22. 
£787 Bs. 01d. + 23. £2400. 24. £4315s.; 0°093. 25. Rs.15000. 26. £1800. 
27. Rs.1637 8as. 28. £3589 6s. 1:'72d. 29. £753 15s.0d. 30. £987 10s. ; 
£987 13s. 1°03d. 31. £10780 14s. 8d. 32. £515; £500. 33. Rs.145200. 
34. £24537 6s. 35. Rs.13738 2as. 36. £142!. 37. £1080. 38. Rs.78700. 
39. £3924. 40. lhyr. 41. 4 mths. 42. 14 yrs. from Sept. 29. 43. 


eo 
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9% yrs. 44. Fully due Sept. 29. 45- (1) Rs.550; (2)5%; (3) 5 yrs. 46. 
O24. a7 7%. 48 5%. 49. 64%; Rs.o746 Bas. 50. 44% (both cases). 
BI. 28%. 52. T.D. Rs.505 Lbdas. 3p. ; B.D. Rs.581 4as. 53. 10% (on 
ticket price). 54. £83 6s. 8d. 55. Rs.781 4as. 56. £2591 10s. 3d. 57. 
Rs.2355 Gas. 9p. 58 £41 18s. 4d. 59.5%. 60. 56; 7%. 61. 9; 
£1 18s. 61d. 62. 618%. 63. Rs.2538 6as. Tp.; 5°76 7. 64. Rs.55 4as. 
65. £25000. 66. A by Rs.100. 67. £9 10s. 68. £6380; £6039 18s. 4d. 
69. 19s. 10d. 
Exercise L. 

r. £210. 2. Rs.48400. 3. £12500. 4. Rs.22500. 5. £541 13s. 4d. 
6. Rs.20,833 5as. 4p. 7. £5454 10s. 109d. 8. Rs.8000. 9. £37 10s. 
10. £398 15s. 11. Rs.4125. 12. £58 18s. 6§d. 13. £8948 10s. 11d. ; 
£61 10s. 5d. 14. Rs.266 10as. 8p. 15. Rs.33 bas. 16. £38 5s. 17. 
15:16; £2 1s. 8d. 18. Rs.271 15as.5p. 19. £265. 20. £1380. 21. Rs.2854. 
22. £105. 23. £19049 3:06s.; £988 10s. 24. Rs.10 8as. 5p. 25, £25. 
26. Rs.10. 27. £15 gain. 28. 9°82. 29. £289. 30. £6 3s. 31. Rs.50 
gain. 32. £5 increase. 33.112; Rs.411 10as. Sp. 34. £80; £11. 35. 
£6000. 36. Rs.2217500. 37. £37800. 38. Rs.117640. 39. £4500. 
4o. £4450. 41. Rs.19992. 42. Rs.120000. 43. £3488 16s. 3d. 44. Rs.1638. 
45. £32 15s. 46. £1273. 47. £7500. 48. 1248. 49. (a) Rs.16000; 
(6) Rs.16220. 50. £3400. 51. Rs.10000 stock. 52. £4800. 53. £10020. 
54. Rs.16800 at 8%; 3000 at 2). 55. £1302 15s. 62d.; £8 13s. 1:93d. 
56. Rs 6500 12as. 10p. 57. Rs.450000; 80. 58. £3365. 59. Rs.55500. 
50. £1325. 61. £168 15s. 62. 783. 63. At par. 64. 80. 65.96. 66. Rs.300. 
67.973. 68. £190. 69. £102 12s. 2:08d. 70. £100 16s. 71. £127. 72. 973. 
73.1361. 74.97}. '75- £1833}; 375%. 70-58%. 77: £4 7s. Tid. 78.£3 Qs. 3d. 
79. (1) Rs.1846 14as.; (2) 33%. 80. 45 7%. 81.10%. 82.33%. 83. 10%. 
$4. 3°69 %. 85. £5. 86.4 7%. 87. 241 y+ $8. 3:16 %. .89.(1) 85 Aarta 
£2, go. 4 %at118. g1. 6800:7221, 92. 4 %; £176 17s. 6d. 93. 17:19 
or Rs.b52 8as: Rs.617 Sas. 94. (1) 34:35; (2) £32°085. 95. 0:16 %. 
96. Railway debentures, Rs.40 loas. 97. In the 33 %. 98. Spanish, 
£63 8s. 6-99d.; Portuguese, £57 8s. 3-9d.; Italian, £50 5s. 0°3d.; total, 
£171 1s. 111d. 99. £1021. 100. Rs.4706 8as.; Rs.22215. or. 95 : 96. 
T02. £2800; £2500. 103. Rs.90000. 104. 949:770. 105. £40 19s. 7°19d. 
106. Rs.16 Sas. gain. 107. Neither. 108. £1 per share. 109. £30 3s. 9d. 
110. £65. Iz. Rs.9589 5as. 4p. 112. Rs.68437 8as. 113. £242914°979. 
114. £1350; £9} gain. 115. Rs.1200, 117. £4055. 118. £105 ; £62 12s. 6d. 
119. £155 x 49 x § x 102 + (3 — WP X 2}). 120. £41 5s.; 62. 121. Rs.116 
10as. 8p. 122. £455 7s. 2d. 123, £240. 124. Rs.4583; 3°81; Rs.1413. 
125. £1600. 126. £14400; 83}. 127. £2283 165s. 128. Nov. dst. 129. 
£6400. 130. £1850. 131. £1325. 132. £2370 19s. 9d. 133. (1) £7500; 
(2) £351. 134. Rs.1,800,000. 135. Rs.9126. 136. £10 10s. 6d. 137. £5592. 
138. £112 10s.; £137 33. 9d.; 352%. 139. 24 yrs. 140. Decrease 
Rs.14 10as. 


Exercise LI. 


1.183 mths. 2.97 mths. 3.4; mths. 4.12 mths. 5, £899 3s. 4d. 
6. £1130 17s. 10°36d. 7. 15°23 mths. 8. 8% mths. 9. 5; mths. 10. 47 yrs. 


Exercise LII. 
1. £27. 2. 86. 3. 61°. 4. 20% yrs. 5. 1669. 6. £49; the first. 
7, 2d. per mile. 8. £37 8s. 9. £24 18s. 4d.; £7958 16s. 6d. 10. 7d. 
tr. 1541.-*12. 110. 13. 3000. 14. 6 st. 9 lbs.* 15. 23. 16. 52:4. 
17. £72 6s. 8d. 18. 5s. 3d. per acre; 720 ac. 19. 5%, 20.58%. 2ty 47. 
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22. 12 ft. 9 in.; 24 %. 23. (a) 4125; (db) 10%. 24. 0:857 %. 25. 5} yrs. 
26. 62°7. 27. 2 hrs. 553 min.; 4). 28.125. 29. 104. 30. 69} boys; 63 girls ; 
57168. 30 O lees. 33. £793. 34. 211°56...; SPO vss 
35. 721%. 36.13 st. 4 lbs. 37. 97 rabbits, 5 pheasants, 5 fowls, 5 hares. 
38. 35 yrs. 39. 1 mi. in 4 min.; 133 yds. 40. £2°775 per acre ; 1531 ac. 
nearly. 41. 83°62 in.; 82:°295in. 42. ll yrs. 43. 93:37 ; 25°87; 25°7; 
98:54; 33°34; 26°98. 44. 1:37; 2:07. 45. 42 mi. 


Exercise LIII. 


I. 2s. 6d. 2. 1s. 6d.; £56 18s. 95,3: Ans, S: BoE OO> 4s 
6. 2s.; 3s. per pound. my 4°t31. © 8 25 % gain. g. llas. 3p. 
10. 418 Zloss. 411. 2s. 6d.; 4s. ; 9s. 12. 38.10d. 13. 7:5. 14. 3 lbs. 
of dearer; 8 lbs. of cheaper. 15. 3:93:38 75. «16. 150 mds. 17. 
15°78 %; weight7:5. 18. 40 Ibs. ; 15lbs. 19.725. 20. 3:2. 21. 11}, 
53, and 40 visses. 22. 4. 23. 925 lbs. 24. 1 cwt. 2 qrs. 10 lbs.; £22 5s. 
25. 9 doz. at 35s. to 5 doz. at 21s. 26, 25 Yt ape Alt 7: 28. 
17s. 8id.; 15s. 9d. 29.17:53. 30. 3; 4, 31. 90 gals. 32. 97° 15. 
33. 12:13. 34. 18s.6d. 35 372155. 36. 42%. 37. 9:27 water, 2°73 
Wine; 3:27 wine, 2°73 water. 38. 99; 10 gals. 39. 18s.; £5 8:s.; 18sy; 
662% 40. § i. Hb. 42. 61235. 43. 6 gals. 44. 153. 45. 66 ozs. 
46.3 dwts. 87 grs. 47. 18: 9, 48. 2 lbs. 5-44 ozs. copper ; 10°56 ozs. 
zinc. AQ. 1414 o28.; 774 028. ; 5113 ozs.; 51j¥ozs. . 50. 20 carats. 


Exercise LIV. 


1. £995. 2. 16°16s. 3. 9'386d. 4. 83. 5. £58 18s. 11:34d. 
6. 6s. 104d. 7. £1 loss. 8. 0°59 %. g. £122 2s. Os%,d. gain. 
10. 2037 marks. 11. £815s. 12. £7 15s.9d. 13. 4°88. 14. 122 fi. 
15. 25°2 ir. 103 58905 fl. 17. 255 fr. 18. 321. fr. 19. £177 3s. 9d. 
20. £1050. 21.7992. 22.£4193; 430 rs. 23. 1s.4°46d. 24. 103d. nearly. 


‘Exercise LV. 


1. 33 min. 2. 10 mi. per hour. 3. Aug.4; 3 p.m. 4. Simi. 5 
B by 16 yds. 6. 24 min. 7. 12 min.; 13} min. 8. C travels 12 mi. 
per hour; overtakes B in #, hr.; 15 min. 9. A; by 18 yds. 10. 147 
sec.; B, 168 sec. 11. B; 188 ft. 12. 2 mi. per hour. 13. 2 mi. per 
hour. 14. 5 mi. 15. % hr. 16. 8310 yds. 17. 32 in 100. 18. 7; mi. 
19. 84 min. 20. 8 min. 4 sec.; 8 min. 15 sec.; 8 min. 96 sec. 21. A, 
120 sec.; B, 132 sec. 22. G:H::12:1. 23 228. 24. 4400 yds. 
25. 1800 yds.; 9°58 and 93 mi. per hour. 26. B, 33 mi. per hour; A, 
6 mi. per hour. 27. 1°88. 28. 10°76 sec. 29. 3630 yds. 30. 13 mi. 
gi. 4. 32. A; B and © are 24°92 yds. and 46°76 yds. behind respec- 
tively. 33. 5 min. fast. 34. B; 0; A. 35. The latter; by 3 ft. 11 in. 


Exercise LVI. . 


1. 5 hrs. 1019 min. and 5 hrs. 437, min.; 16; and 497; min. past 6; 

10 hrs. 5;; min., and 10 hrs. 382, min.; 11 hrs. 10}? min., and 11 hrs. 
43,; min. 2. 9 hrs. 16;4 min.; 10 hrs. 217; muin.; 11 hrs. 277, min.,; 
3 hrs. 49}, min. 3, 10if and 21, min. past 3. 4. 387, min. past 9. 
_7 hrs. 382, min.; 6 hrs. 32% min.; 3 hrs. 167, min.; 1 hr. 5 min. 

$. 12 o’clock 60 days after; 12 hrs. 16 min, 7 19 min. 14 sec. to 11. 
8. 48 min. past 4 p.m. on April 20. 9. In 240 wks. 10. 8 brs. 58; min. 
11. 7.30 a.m. third day. 12. 7 hrs. 1019 min.; 21 days. 13. 33? min. 
past 12, 14. At 29%; min, past 11 a.m, on Thursday. 15.3 p.m. 16. At 
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noon 20 days hence. 17. At 54 min. to 11. 18. 5.90 p.m. Tuesday ; 
9 p.m. Tuesday. 19. Loses 1 hr, 36 min. a day. 20. 222 min. past 2. 
21. 107-1 sec. 22. 9hrs. 23, 1284 min. past 6. 24. 33 min. loss. 


Exercise LVII. 


I. 58mi. 2. 400 mi. 3. 11} sec. 4.1 hr.O min. 133% sec. 5. 28 sec. 
6. 6117 min. ; 120 min.; 126 min. 7 185 min. 8, 10.387 a.m.; 246 mi. 
9g. 174 sec. ro. 30 and 20 mi. per hour. tr. 25 mi. 12. 2 mi. 
13. 25 mi. 14. 176 yds.; 45mi. 15, 3mi. 16. 86 yds.; 1} min. 
17. 47%, sec.; 549 sec. 18, 2 hrs. 40 min. 


Exercise LVIII. 


2. 4hrs.; nearly6ms. 3. About 9:12 and 29 miles from Madras. 
4. Pallavaram. 5. (i.) 3 an hour after A started and A will then have 
travelled 20 miles; (1i.) 2 of an hour and 3 of an hour from the time A 
started; (iii.) ? hr. 6. 82 hours. 7. 13; hrs. 8. 2 days. 
Rs.10; 42% ¥. 10. Rs.400; Rs.475; Rs.625. Ir. 4 lbs. and 
14lbs, 12. 2:1. 13. 8 lbs. at 10as. and 15 lbs, at Re.1. 14. 10. 
15. 8. 16. About 73 miles from P. 1%. After 30 miles at 9.10 a.m. 
18. Rs.100. 19. 4:6. 20. (ii.) 1:43; 1-6; 1°8; (iii.) approx. 24; 18; 
15. 21. 16 shillings; between 11 and 12 years ; about 28 years. 22. 
3 hours. 23. At 1.24 p.m. 35 miles from A, 24. 45 miles; 15 mi. 
per hour. 25. 45 miles. 26. 24. 27. £900. 28. 144 yards. 29. 
B, 12 secs.; C,112 secs. 30. 10% mins. past 2; 2 o’clock and 217, mins. 
past 2. 31. 3:9 ins.; 13°97 cms. 33, 1:29 shillings. 34. 86; 58; 48. 
35. 93; 55. 36. Rs.50; Rs.90. 37. £35 19s. 6d... 38. Rs.75. 39. 10. 
40. (i.) 10 lbs.; (ii.) 103 lbs. 


Exercise LIX. 


I. 84. 2. 24; 72; 80. 3. £185. 4. 8 half-cr.; 12 shil.; 6 SIXp. 
5. £3600. 6. 15. 7.5s.10d. 8. 45 yrs. g. 162. 10. 33. 11. £7070 ; 
£5050. 12. £6500. 13. A, £123; B, £247. 14. 2s. 8d. 16. 300 ac. 
17. 490. 18. 11 yrs.; 7.yrs. 19. 96. 20. 46, 21. First H, £47 10s. ; 
second H, £71 5s.; carriage, £93 15s. 22, £1500. 23. 21:10. 24. 48. 


Exercise LX. 


I. 741. 2. 739. 3. 7963. 4. 3620. 5. 15215. 6. 62573. 7. 578384. 
8. 100372. 9. 811071. 10. 443329. 12. 0-01. ro, 0:025, 13. 0°7556. 
14. 0:0836. 15. 000748. 16. 0°31881. 17. 0:054707. 18. 0:284604. 
9. 19:05. 20. 229-29, 21. 2°2808. 22. 27°4995. 23. 0°2258. 
24. 3°79473, ~ 25. 0:007156. 26. 3:478505. 27. 14:0700007. 
28. 0°00740067. 29. 11882159. 30. 1°7728. 31. 47 32. 123. 33. 0-7106. 
34- 1:000006. 35. 31. 36. 51. - 37.812. 98. 1-14781. 39. . 18: 
40. 0°6, 41. 0:08219. 42. 0:4045. 43. 2:16. 44. 0°536. 45. 0:0000002 
nearly. 46. 00360... 47. The first two decimal figures in the root 
are 0°23, therefore rest of root must commence with a figure in the 
third place of decimals, and therefore be less than O01. 48. 52°82045. 


Exercise LXI, 


I. 58 sq. yds. 52 sq. ft. 2, 7-4732 san. 3. 6 ac. 36°3008 po. 
4- 62 sq. yds. Oi sq. ft. 5. 8 ac. 8 rds. 28-84 po. 6. 321 sq. yds. 
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33 sq. ft.; £72 Gs. 8d. 7. £132681 Os. 9d. 8. 82 ac. 9g, Bac. Io. 
43 ac. Ords. 7 po. 1 yd. 53 ft. ax. 16s. 13d. 12. 3h ac. 13. 20 ac. 
14. 161 ft. 15. 13 ft. 1in. 16. 106-48 yds. 17. 2ft.OZin. 18. 11 ft. 
1g. 9L yds. 20. 5 ft. 3 in. 


Exercise LXII. 


1. 73) yds. 2. £2 7s. 3d. 3. £9 Ts. lid. 4. £10. 5, £5 6s. 8d. 
6. 108i yds. 7. £7 10s. 8. £7 4s. 8d. 9. fy. 10. 648 sq. ft. II. 
88 sq. yds. 6 sq. ft. 12, £8 15s. 13. £2 18s. 6d. 14. £17 6s. 8d. 15. 10 sq. ft. 
16. 117 yds. 1 ft. 17. 182 yds. 18. £93s. 9d. 19..£4416s. 20. £1 8s. 8§d. 
21. £3 4s. 1ld. 22. 174 ft. 23. 129 yds. 1 ft. 24. 14 ft. 25. 5s. O3d. 
26. 97 yds. 1 ft. 27. 7 cwt. 2 qrs. 24 lbs. 28, £7 0s. 43d. 29. 25 yds, ; 
15s. Tid. 30. £207 Os. 10d. 31. 54. 32. 9576. 33. 47. 34. 20 men. 
35. 1296; £18. 36. 85 2s. 44d. 37. 6148. 38. 150600. 39. 48000. 
40. 1458. 41. 360 stamps. 42. (1) 2250; 13s. 113d. 43. 700 ft. 44. £49. 
45. 20 sq. yds. 8 sq. ft.; 4ft.; 1,ft. 46. 875) yds.; £5 2s. 8d. ; 
£11 5s. — (£4 10s. + £2 14s.) = £4 1s. 48. £23 8s. 49. £15 5s. 4d. 
50. oe eae 51. 332 ft. 52. 9s. 11d. 53. £3 5s. Ojd. 54. 185) sq. yds. 
55: . | 


Exercise LXIII. 


1. 3542 in. 2, 233085... yds: 3. 179 yds. 4. 77 yds. 2 ft. 11 in. 
5. 187 ft. 6. £38 15s. 7. 7; mi. 8. £104 10s. 9. (i.) 1 mi. 1 fur, 24 po. ; 
(ii.) £72. ro. 98 yds. 1 ft. 2 in. 11. 17°8885. 12. 9°05 min. 13. 
451 ft.; 676 ft. 14. 220 yds.; 55 yds. 15. 1100 yds. 16. 530 yds. 
17. 299°69971; 99°8999.. 18. 176 yds. 2 ft, Snes 294 yds." ft..9 in. 
19. hr. 20. 7 min. 21. Twice. 22. 9:12 min. 23. 33min. 24. £47 16s. 3d. 
25. £4 7s. 6d. 26. £40 13s. 9d. 27. As 12:18; 8642 sq. ft. 28. 
13 ac. 1 rd. 1 po. 17 yds. 4% ft.; 317°5 cubits. 29. 28 yds.; 21 yds.; #. 
30. 4 ft. 25 ft. 31. 3s. 32. 15it. 33. £105. 24. Length, 31; breadth, 21; 
height, 13. 35. #8. 36. 40ft. 37. 5ac. 1 rd. 1 po. 38. £8 8s. 9d. 
39. 48 ft. each side. 4o. £1 2s. 6d. 


' 


Exercise LXIV. 


rt. 11664. 2. 31104. 3. £23 12s.6d. 4. 256 cub. in.; 124§ lbs. 5 
9000. 6. £1016s. 7. 300. 8. 4293; 20 cub. yds. 164 cub. ft.; 15% c.M. 
g. 47:12; 175:106. 10. 72; 84 cub. ft. II. 187°5 gals. ; 1869°63 lbs. 
12. 2700. 13. 24 tons 2cwt.161bs. 14. 10 tons 7 cwt. 2 qrs. 10 lbs. ; 
9318°42. 15 270. 16. 1°76 pts. 17. 1494944 tons 3 cwt., 3 qrs. 20 lbs. 
18. 1105. 19. 13440 lbs. 20. 2°18 ft. per century. 21. 20 ft. 22. 
2784 cub. ft.; 684 cub. ft. 23, 5lbs.120zs. 24. 4 cub. ft. 1068 cub. in. ; 
9s.1:95d. 25. 7°04. 26. 119. 27. £50. 28. 1:38 ft. 29. £5 8s. 30. 
£1173. 4d. 31. 3d. per cubic foot; 8 ft. 32. 82'092. . 33. 987°32 ozs, 
34. 101 tons 5 cwt. 75 lbs. 35. 302 tons 10 cwt. 36. 578725718 tons. 

7. 124in. 38. 2cwt. 2qrs. 20 lbs. ; 9 tons 14 cwt. 1 qr. 24 1bs. 39. 
2430'803571428 ; 544500 gals. 4o. 2 ft. 9} in. 


Exercise LXV. 


2. 714; 363994. 3. £42 10s. 6d.; 9 yds. 4 Yes; side of cube 
— 190°8 in, and side of hatchway = 1944 in. 5. 69°3 in. 6. 358 sq. mi. 
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(approx.). 7. 50 tons 17 ewt. 3qrs. 121bs. 8. 27 cwt. 2 qrs. 3°94 lbs, 
9. £6 10s. 33d. 0. 4 ft. deep; 6-07. 11. 2 yds. 12. 216. 13, 2:918 
tons nearly. 14. £103 12s. 7-86d. 15. 103 rds. 16. 5s. 4d. 17. 6156 
cub. ft. per hour; 164-16 sq.in. 18, 20°16 ft. per minute. 19. 19800000. 
20. 91 cub. yds. 7 cub. ft. 21. 2:29 cub. ft.; 5280 in. or fs mi. 


Exercise LXVI. 


I. 120 mi. 2, £5 11s. 9d. 3. 9 ac. 3 rds. 39°58 po. 4. 792. 5. 7;,it. 
6. Hach 420. 7. 104; 104; 80 yds. 8. 92-4 Sq.in.; 14-941 in. 9g. 10°14 
sq. ft.; 1:17. 10. 9ft. rz. 6and 2ich. 12. 10 in. 13. 69°57 yds. ; 
because 0-004 is less than 0-0001 x 36. 14. 9680 sheep; 16 hurdles. 
15. 23 Sq. in.; 480 stitches. 16. 10 in. 17. 50 ft. 18. 10296 sq. ft.; 
125 ft.; 823... ft. 19. 1764. 20. 721721. 21. 306 Big: foc 622. 
2 ac. 26-4 po. 23. 148 yds. 24. G ac. 3 rds. 25- 44359°64 sq. yds. 
26. 150 sq. yds. 8 sq. ft. 108 sq. in. 27. 5:24. 28. 12-7 ac, 29. 0°514 ac. 
30. 42 ac. 1rd. 20 po. 31. 2ac. 3 rds. 8 po. 2-25 sq. yds. 32. 6°873 ac. 
33- 19 ac. 9 rds, 2°8 po. - 34. 2°45 ac. 


Exercise LXVII. 


I, 24:249. 2. 816816 ft.; 1:3 ft. 3. (1) 101543-26 Sq.adt.;° (2) 
1129°61 ft. 4. 92:805 in. 5. 115-5 sq.in.; 205! sq. in. 6. 1612-5 sq. ft. 
7- 1-027 sq.in. 8. 76°21 yds.; 38-105 yds. ; 30-403 yds. 9g. 93°98 sq. in. 
To. 68 sq. ft. xr. 4020. 12. 133-785 ft. 13. 25 in. 14. 188°3 sq. in. 
15. 961-14 sq. ft. 16. 82:91 sq. in. 1. 3 ft. 18. 172 nearly. 19. 
2 ac. 3 rds. 8'536 po. 20. 950 sq. yds. 21. 114582 Sq.ft, “iar 1949-8}, 
sq. yds. 23. £833 17s. 3d. 24. 11581 cub. ft. 1382 cub. in. 25: 
4200 cub. ft. 26. 4 ft. 27. 165°748 cub. yds. 28. 370-76... sq. ft. 
29. 1732 cub. in. 3o. 48 cub. ft. 31. 40 ft. 33. £11 Os. 6d.; £7 12s. 8d. 
34. 66377; cub. in. 35. £2 5s. 188d. 36. 9°54 tons. 37- (i.) 45 in.; 
(i1.) 50 in. 38. 61421915. 39. 1 ft. 40. 233-4 ft.; 938-7 tons. 4i. 16. 
42. 10174 cub. ft. 43. 89°87 ft. per minute. 44. 2°2907 cub. ft. ; 
628.cub. in. 46. 5200 cub.in. 47. 243-551048 sq. ft. 48. 209°5 sq. yds. 
49. 30°16 cub. in.; 52°78 sq. in. 50. 3:36 ft. BI. 2180°62 sq. ft.; 
12016°6 cub. ft. 52. 0-012923654 cub. in. 53. 3 height of vessel. 


Exercise LXVIII. 


r. 126 cub. ft. 1152 cub.in. 2. 8:29 in. ; 237-17 Sq.in. 4. 6°25, 43-75, 
118°75, 231:25 cub. ft. 5. 172 tons 10 cwt. 25 lbs. 6. 9359-09. 
125°71 sq. ft. 8.10°5 in. 9. 20 ft. 10. 18-905in. 11.507. 12. 346-621 sq. ft. 
13.6. 14. 4:0825. 15. 168 cub.in.; 760-2. 16. 648000. 17. 59°52 cub. ft. 
18. 197°72 cub. in. 19. 9°42 cub. ft. 20. lin. 24. 4:06298 in. a2. 
O78 cub. in. 23, 1221°88 cub. in. 24. 2:1. 25. 904:7808 Sq.in. 26. 
0:292187 ton. 27. 212:92759488 sq.ft. 28. £466 7s. 1d. 29. 263°89 sq. in. 
30. 20 ft. 31. 2671°9308 cub. in. 32. 1856 ozs. 33. 128°03 cub. ft. 
34. 935 cub. ft. 35, 8200°84 cub. in.; 8644-82 sq. in, 36. 4:1.°. 38. 
0'052 in. nearly; 0°83 in. nearly. 39. 19:7:1. 40. 1°24 in. gt. 
119°7299 cub. in,; 838-1091 cub. in.; 102-6256 Sq. in.; 807°8768 sq. in. 
42. 30°39 ozs. 43. 1889-67 sq. ft. 44. 4048 grammes, 45. 18°2698 sq. in. 


Exercise LXIX. 


1. Forty-seven thousand eight hundred and sixty-five; remainder 90. 
2. 47. 3. 0'012064 ; 0:0125 ; 0:000486. 4.14min. 6. 29897 ; 1°21550625, 
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7. £5917s. 8.300. 9. 151:01. 10. £320. 11. 6250 tons; £176750. 12. }. 
13. 96 yds.; 29 yds. 1 ft.; #2. 14. 17 days. 15. (a) £1 5s.; (b) 10563; 
(c) £2-14s.; (d) £2 5s. 68d.; (e) £1 18s. 3d.; (f) 1; (g) &7 48.5 (2) 10s. dd. 
16. 4460. 17. 12o0’clock. 18. 42 half-cr.; 84fi.; 126 shil. 19, £2 2s. 6d. 
20. Chicory, 9d.; coffee, 1s. 4d. 21. Rs.1593 4as. 58p. 22. 1071; 1547. 
23. Second by 8%. 24. 6756933 gals. 25.37 % 26. £12 12s. 27. 
(i) 6 ft.; (2) 42 f6.; (3). 3 ft. 28. 104 hrs.” 29. £4800; 847. 30. 6 ozs. ; 
9ozs. 31. 56732; 11846. 32.1. 33. 4644 in. 34. 1. 36. 33%. 37. 
£3}. 38. 777 sq. yds. 39. (1) 53 Z; (2) 2912. 4o. 174 sec. 41. £3 12s. 

. 87 min. 24 sec. after. 43. 08414. 44. 20°16 ft. per minute. 46. 
(1) 3°62 dwt.; (2) 3:37. 47. B wins by 1% yd. 48. 17 tons. 49. 684 
sq. yds. 50. £4800. 51. 4011°47. 52. 43 at 5s.; 21 at 3s. 8d. 53. 343. 
54. 0°508857. 56. Rs.Geach. 57. £1260: A, £420; B, £540; C, £800. 
58. 132 yds.; 194 mi. per hour. 59. 220°617228 yds. 60. £6673 each. 
61. 13; 1058. 62. 74;, days. 63. 1081 tiles; 2:07 ft. square. 64. 1. 
65. (a) £9 19s. 10$d.; (b) £810; (c) 603; (d) 633. 66. A, 272 %; 
B, 35 %; ©, 873 % 67. A less than B by 1% 68. 43 mi. 69. 
(1) 17°63 sq. in.; (2) 23°51 sq. in.; (3) 8:81 sq. in. 70. £6 14s. 6d. and 
£3 19s. 6d: nearly. 71. 2 ft. 81°35 in. 72. 53%. 74. 103 gram. 75; 
Rs.504 Sas. lip. 76. 7:38 fr. 77. 18:5. 78. £41 13s. 4d. 79. 9 mi. 
1035 yds.; 93 mi. 80.4%. 81. 371585. 82. £78. 83. 5. 84. 
6767°35 tons; £121. 85. 1440; 144; 1017; 0-2090625. 86. % %. 87. 
4 mi.; 34 mi. 88. Rs.9180. 89.2; 33. go. (1) £20000; (2) £9900; 
(3) £1100. or. Rs.23 12as. 4p, 92. £2 12s. 6d. 93. 9000. 94. 
19800000 gals. 96. 15:11. 97. 972 sq. yds. 7°56 sq. ft. 98. £33600. 
99. 52°4. 100. 708048000 ; 76161600. Tot. 631900375263. 102. 7%. 103. 
Thr.26min.15sec. 104. 999nearly. 105.133 ft. 106.7 mi. 107. 80. 
108. £16 12s. 6d. 109. 1:528. 110. 364 mi. 111. Re.l das. 2p. Iz. 
£615000. 113. 0:007585. 114. 0°890294. 115. Rs.531 8as. 116. 3 ozs. 
15 dwts. 117. Rs.27000. 118. 2°918 tons nearly. 119. 9s. 91d. 120. 
£506. 121. 16972064; 14102830; 2869234. 122. B pays £2 6s. 8d. and 
C pays £1 11s. 8d. to A. 123. fy. 124. £46 2s. 6d. 125. £1 8s. 3d. 
126. 91. 127. 18-4325 times. 128. 1669. 129. 244 7%. 130, 0°2907 ; 
9-007321. 131. 6 wks. 132. £4477 15s. 8d. 133. 3°14159..-. 134. 
Rs.56 15 as. 7p. 135. 383. 136. 6 hrs. per day. 137. 270°512 ozs. 
138. 43 mi. per hr. 139. 9°22 7%. 140. 119 yds.; 4 ft.8 in. 141. 
94 times. 142. £300 4s. 2td. 143. 50. 144. 20 casks 21 mil. 145. 
Rs.55 8as.4p. 146. 6qrs. 147. 3:7. 148. 5s.1°65d. 149. £875; 7:47 


150. 33 %. 
Exercise LXX. 


1. 142857.’ 2. Multiplicands, 830745 and 276915 ; multipliers, 23 
and 69. 3. 0:0000002. 4. 15. 5. 33,yrs. 6. £491 8s. 7. A, 17s. T3d. ; 
B,16s. 8. (i.) £3888888 17s. 91d. ; (ii.) 8490370. 9. (1) Loss of £10400 ; 
(2) Gain of £52000; (3) 20%. Io. 9°69 cub. in. 11. 12 mi.; 3} hrs. 
12. 1:2739. 13. 6°9282. 14. 270 ft.; £20 5s.; 280 ft. 15. 420 mi. 
16. 19s. 23d. 17. 3°7725; 80°572. 18, 83: 81. 19. Faster costs 
£63333 6s. 8d.; slower, £16666 13s. 4d. 20. July 6, midnight; 5 hrs. 
58 mins. 7 secs. 21. A,147sec.; B,168sec. 22. (a) 2°78 ; (b) 2°718282. 
23. 118; %. 24. 0°632120558. 25. 1:108. 26. Height, 12ft.; breadth, 
18ft.; length, 24 ft. (there may be other dimensions). 27. 26% mi. 
28. 1072%, grms. 29. £50042, £49780 ; also £49970 and £50233. 30. %. 
gi. 54 ft. 32.5. 33 536870912 ; 512; 2°68435456; 64. 34. £107s. Sid. 


“a 
—— 
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35. Rs.1529as. 7p. 36. 0°33. 37. 45 sq.mi.at 6 in.; 55 sq. mi.at 4in. 
38. 0°309. 39. 133823. 40. 192 (approx.) 41. 25640000 42. 3ac. 4 po. 
43. 1566 gals. 44. M., 15s.; W., 7s. 6d.; B., 4s. -, 45. 1°718 (1°72). 
46. 35640000. 47. 875537023 mi, nearly. 8. 24 wine, 16 water. 
* 49. 0°3678794. 5o. B, wine 128 gals.; water 1482 gals.; OC, wine 1/97 gals., . 
water 328 gals. 51. 21. 52. 78! min. after starting, and when the 
train, whose speed is unvaried, has made 14 revolutions, 53. 13; 
773 Tin. 55. 3. 56. 4in. 57. The second, third, and fourth candles 
are respectively 33 in., 7 in., 43 in. higher than the first. 58. Rs.6875. . 
59. 12 cwt. 1 qr. 3 Ibs. 15 ozs. 60. Centre, Ty, ft.: first point, 24 ft. ; 
second point, 114 ft.; the centre moves a mean distance between these 
points. 61. 39°14. 62. 3lbs.; 16 carat. 63. Seventeen thousand 
millions. 64. 594. 65. 2 min.; 28°87 mi. per hour.» 66. 
30°00558144112 in. 67. 231°500304 c. ft. 68. 28:3. 69. 3p.m. 7o. 
aids. 71. 18 cwt. 3 qrs. 23 lbs. 25, ozs. 72. £48. 73. 20. 74. 205:5in.; 
13920 fb. 75. 0°012345679. 76. Rs.7; Rs.4 6as.; Rs.210as. 77. 
684 sq.ft. 78. 5°08. 79. 80694; 561675; 1630384; 5205. 80. 8247 grms. 
81. 3 drms. 82. 123 secs. 83. 7s. 84. 30. 85. Rs.1940 4as. Ip. 
86. 56. 87. 90457429755. 88. 22 and10 gals. 89. 5200000 coins. 
go. 2660323 ac.; £148210380. 91. 37654 millions. 92. 761. 93. 1281 
quarters. 94. 11b. 12 ozs. ; O'850z. 95. A, 2914; B, 2606. . 
(1) 373 min, past 12; (2) 114 mi. from A. 97. 16°55%. 98. £809 15s. 
99. 57; %. 100. £1505 Os. 6d. (approx.). 101. Theformer. 102. Dimin- 
ished ratio, 30:29. 103. 84,000; 1800. 104. £43211s.11d. 105. Rs.1062. 
106. 1000: 864 : 675; 1539 pennies will equal in height 1000 halfpennies 
and 1000 farthings. 107. B loses; £10003-04. 108. £164. 10g. Hinglish; 
£4000. «110. 4:1. xr. £11 15s. 112. Rs.5385. 113, 2975: 2788. 
114. 8000; £25. 115. £7843 15s. loss. 116. £50000000. 117. £29500. 
118. 23:27. 119. 3d.: 23d.; 1$d. 120. 30s.; 7s.6d.; 3s. 121. £1564. 
122. £2000. 123. £499. 124. Day labour, £7000; night labour, 
£9100. 3125. 6d.in the £. 126. 45 miles; 1 hr. 19 min.7} secs. after 
the train meets the second man. 127. £1 5s. 128. 89:119. 129. 
97; in.; 77%; in. 130. 128 books; 96 cub. in. 437. 19°46 7%. 132. A, 
£3400; B, £4000; ©, £6000. 133. 24. 134. Former, £5788°125; 
latter, £5784°84375; difference, £285 15s. 114d. 135. Widow, £670; 
sister, £663 6s.; each niece, £649 18s. 136. £432 lls. 11d. 137. 3:4. 
138. 73 mi. per hour. 139. 15 min. 16 sec. 140. 5050. 141. 7} mi. 
per hour; 15min. 142. 19 mi. 760 yds. 143. 40. 144. 20,4 mi. per 
hour. 145. (1) £23 3s. 4d.; (2) S17 Ts. Gd.; (3) £67s. 5d. 146. (1) 
£4875; (2) £1625; (8) £10831; (4) £8662; (5) £780. 147. 113%. 148. 
Probably nothing but water has been added; about 1s. 33d. 149. £76. 
150. £55 4s. 44d. 151. 623 % spirits; 374 % water. 152. 80300000 fr. 
153. Rs.886 Oas. 9p. 154. yyy OZ. per Ounce too much of the drug; 
or the mixture contains 10/9, times too much of the drug. _—_155. 1000 
ft. per second. 156. 474 yrs. 157. Tft. Tin. 158. 467th line. 159. 
60 mi.; (1) 7.30 a.m.; (2) 1.80 p.m.; (8) 2.524 p.m.; (4) 8.50 p.m.; (5) 
3.30 pm. 160. 144%. 161. 62 min. 162. 40 lbs. 163. 9s. 164. 
415 sec. 165. 75:77. 166.16 mi. 167. 19800000: 168. 14 1b.; 
19 1b.; 22 lb. 169. Rs.88 Qas. 8p. 170. (1) Diminished by 4%; (2) 
663°. 171. £835. 172..Rs.171 bas. 8p. a73. 34596; 186. — 174. 
25ac.3rds.5 po. 175. 130 men, 65 women, 260 boys. 176. £256 ds. 
177. Rs.78645, 13as.4p. 178. 5(7)!9 hrs. 179. Tickets, 3075; pay- 
ment, 55607. 180. 322 yds.2ft. 181. (1) Outward, greater by 1:35 


. 


